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Angiopoietin and Fragments, Mutants, and Analogs thereof and Uses of the Same 

Cross reference to related applications 

This application claims priority to U.S. Provisional Serial Number 60/450,582 filed 
February 27, 2003, which is incorporated herein by reference. 

Government Support 

5 This invention was made with U.S. Government support (NIH Grant No. 

1RO1HL0741 17) and the U.S. Government may therefore have certain rights in the invention. 

Field of the Invention 

The present invention relates activities of Angiopoietin- 1 (Ang-1) and Angiopoietin -2 
1 0 (Ang-2) and to uses of compounds having such activities to treat diseases and disorders and find 
additional compounds. 

Background of the Invention 

Angiogenesis plays an important role in embryogenesis and tumorigenesis. It is a 
1 5 complicated multistep process, which includes the dynamic changes of cell-cell and cell-matrix 
interactions, endothelial cell proliferation and migration, recruitment of the peri-vascular 
supporting cells, and the maturation process. Numerous molecules are involved in those 
processes, including growth factors and their receptors, proteases, adhesion receptors, and the 
ECM1 components. VEGF and angiopoietin families play special roles in angiogenesis due to 
20 the restricted expression of their receptors. 

Ang-1 and "Ang-2 are approximately 70 kDa proteins with considerable sequence 
homology that consist of a signal peptide, an N-terminal coiled-coil domain, a short linker 

1 
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peptide region, and a C-terminal fibrinogen homology domain (FHD). The coiled-coil region is 
responsible for dimerization/multimerization of angiopoietins, and the fibrinogen homology 
domain binds to Tie-2 receptor. Both Ang-1 and Ang-2 form dimers and oligomers. 

Ang-1 and Ang-2 have antagonistic roles. Ang-1 induces tyrosine phosphorylation of 
5 Tie-2 receptor and promotes recruitment of the pericytes and smooth muscle cells, thereby 
playing a role in establishing and maintaining the vascular integrity. As an antagonist of Tie-2 
receptor, Ang-2 competes with Ang-1 for the binding of Tie-2, Ang-2 blocks the 
phosphorylation of Tie-2 receptors induced by Ang-1, and Ang-2 loosens the interactions 
between endothelial and peri-vascular support cells and ECM. 

10 Targeted disruption of Ang-1 and Tie-2 and overexpression of Ang-2 resulted in 

embryonic death with the similar vascular defects. These mice have normal primary vascular 
development, but the remodeling and maturation of the vasculature are defective. The transgenic 
mice overexpressing Ang-1 displayed increased vascularization and decreased adult vasculature 
leakage. Together, these results indicated that Ang-1 plays an indispensable role in the formation 

15 of blood vessels during mouse development by recruiting and maintaining peri-endothelial 
support cells. 

Several studies have offered possible mechanisms for the pro-angiogenic effect of Ang-1. 
Although Ang-1 does not stimulate the proliferation of endothelial cells, it stimulates endothelial 
cell migration, induces the capillary-like tubule formation, and promotes survival of endothelial 
20 cells. Ang-1 inhibits apoptosis of endothelial cells via the phosphatidylinositol 3-kinase/Akt 
pathway. 

Angiogenesis is regulated by the precise balance between pro- and anti-angiogenic 
factors. Ang-2 expression is often induced in the endothelia undergoing active remodeling or 
regression, by hypoxia, and several growth factors, including VEGF. Ang-2 destabilizes the 
25 vasculature. Thus, Ang-2 initiates angiogenesis in the presence of VEGF, which supplies 
endothelial cells with necessary survival and proliferation signals, or induces apoptosis of 
endothelial cells in the absence of the pro-angiogenic factors. 

Summary of the Invention 

30 One aspect of the present invention relates to pharmaceutical compositions that comprise 

a pharmaceutically acceptable carrier and either a therapeutically effective amount of an ECM- 
binding fragment of Ang-1 protein that comprises SEQ ID NO:l, SEQ ID NO: 2, SEQ ID NO:3, 
and/or SEQ ID NO:4 or a homologous peptide thereof. 

Another aspect of the invention relates to pharmaceutical compositions that comprise a 

35 pharmaceutically acceptable carrier and a therapeutically effective amount of a non-ECM 
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binding fragment of Ang-1 protein that comprises a modification in an ECM-binding domain of 
Ang-1, wherein said modification reduces the binding of Ang-1 to an extracellular matrix (ECM) 
and/or a vector comprising a nucleic acid molecule that comprises the nucleotide sequence that 
encodes a non-ECM binding fragment of Ang-1 protein that comprises a modification in an 
5 ECM-binding domain of Ang-1, wherein said modification reduces the binding of Ang-1 to the 
ECM. 

Another aspect of the invention relates to pharmaceutical compositions that comprise a 
pharmaceutically acceptable carrier and a therapeutically effective amount of a proteolytic 
resistant fragment of Ang-1 protein that comprises a modification in a proteolytic domain of 
10 Ang-1, wherein said modification inhibits the proteolysis of Ang-1 and/or a vector comprising a 
nucleic acid molecule that comprises the nucleotide sequence that encodes a proteolytic resistant 
fragment of Ang-1 protein that comprises a modification in a proteolytic domain of Ang-1, 
wherein said modification inhibits the proteolysis of Ang-1. 

Another aspect of the present invention relates to pharmaceutical compositions that 
15 comprise a pharmaceutically acceptable carrier and a vector comprising a nucleic acid molecule 
that comprises a nucleotide sequence that encodes an ECM-binding fragment of Ang-1 protein 
that comprises SEQ ID NO:l, SEQ ID NO: 2, SEQ ID NO:3, and/or SEQ ID NO:4 or a 
homologous peptide thereof. 

One aspect of the present invention relates to pharmaceutical compositions that comprise 
20 a pharmaceutically acceptable carrier and either a therapeutically effective amount of a mutant 
Ang-1 which retains their angiogenesis promoting activity but which have reduced or inactive 
ECM binding or a homologous peptide thereof or mutant versions of Ang-1 . 

Another aspect of the present invention relates to pharmaceutical compositions that 
comprise a pharmaceutically acceptable carrier and a vector comprising a nucleic acid molecule 
25 that comprises a nucleotide sequence that encodes a mutant Ang-1 which retains their 
angiogenesis promoting activity but which have reduced or inactive ECM binding or a 
homologous peptide thereof. 

One aspect of the present invention relates to pharmaceutical compositions that comprise 
a pharmaceutically acceptable carrier and either a therapeutically effective amount of a mutant 
30 Ang-1 which retain their angiogenesis promoting activity but which is not cleaved into a 
antagonist fragment or a homologous peptide thereof. 

Another aspect of the present invention relates to pharmaceutical compositions that 
comprise a pharmaceutically acceptable carrier and a vector comprising a nucleic acid molecule 
that comprises the nucleotide sequence that encodes a mutant Ang-1 which retain their 
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angiogenesis promoting activity but which is not cleaved into a antagonist fragment or a 
homologous peptide thereof. 

An aspect of the invention relates to methods of treating an individual suspected of 
having coronary artery disease, vascular disease, hemorrhage or a condition involving ischemia. 
5 Another aspect of the invention provides methods of promoting angiogenesis, endothelial 
survival and maintaining vascular integrity in an individual 

A further aspect of the present invention provides methods to effectively promote 
angiogenesis in the patients with the diseases related to lack of blood vessels such as ischemia in 
hearts and limbs. 

10 The present invention provides methods to reduce stroke, heart attack, blood vessel 

blockage, hemorrhage, artherosclerosis risk by maintain the health and integrity of blood vessels 
(by reduce the loss the endothelial monolayer integrity and attachment of blood cells on vessel 
walls). 

The present invention provides methods to assist the recovery of the patients who had 
1 5 stroke and the angioplasty procedure by promoting the growth/survival of endothelial cells and 
establish endothelial monolayer and inhibit excessive inflammation, hemorrhage (by blocking 
influx of blood and immune cells), and proliferation of vascular smooth muscle. 

The present invention provides methods to treat patients with restenosis by inhibiting re- 
closure of blood vessel after inserting stents into blood vessels. 
20 The present invention provide methods to make stable and functional artificial blood 

vessels. 

In some embodiments, the methods comprise the step of administering to the individual a 
pharmaceutical composition that comprises a therapeutically effective amount of an ECM- 
binding fragment of Ang-1 protein that comprises SEQ ID NO:l, SEQ ID NO: 2, SEQ ID NO:3, 

25 and/or SEQ ID NO:4 or a homologous peptide thereof. In some embodiments, the methods 
comprise the step of administering to the individual pharmaceutical compositions that comprises 
a vector comprising a nucleic acid molecule that comprises the nucleotide sequence that encodes 
an ECM-binding fragment of Ang-1 protein that comprises SEQ ID NO:l, SEQ ID NO: 2, SEQ 
ID NO:3, and/or SEQ ID NO:4 or a homologous peptide thereof. 

30 In some embodiments, the methods comprise the step of administering to the individual a 

pharmaceutical composition that comprises a therapeutically effective amount of a mutant Ang-1 
which retain their angiogenesis promoting activity but which have reduced ECM biding activity, 
or a homologous peptide thereof. In some embodiments, the methods comprise the step of 
administering to the individual pharmaceutical compositions that comprises a vector comprising 

35 a nucleic acid molecule that comprises the nucleotide sequence that encodes a mutant Ang-1 
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which retain their angiogenesis promoting activity but which have reduced ECM biding activity 
or a homologous peptide thereof. 

In some embodiments, the methods comprise the step of administering to the individual a 
pharmaceutical composition that comprises a therapeutically effective amount of a mutant Ang-1 
5 which retain their angiogenesis promoting activity but which has is not cleaved into a antagonist 
fragment or a homologous peptide thereof., or a homologous peptide thereof. In some 
embodiments, the methods comprise the step of administering to the individual pharmaceutical 
compositions that comprises a vector comprising a nucleic acid molecule that comprises the 
nucleotide sequence that encodes a mutant Ang-1 which retain their angiogenesis promoting 
10 activity but which has is not cleaved into a antagonist fragment or a homologous peptide 
thereof.. 

According to some other aspects of the invention, methods are provided to identify 
compounds that modulates binding of Ang-1 to ECM. The methods comprise performing a test 
assay that comprises the steps of contacting a protein that comprises at least an ECM-binding 

15 fragment of Ang-1 protein that comprises SEQ ID NO:l, SEQ ID NO: 2, SEQ ID NO:3, and/or 
SEQ ID NO:4 with ECM material in the presence of a test compound, then measuring the level 
of binding of the protein that comprises at least an ECM-binding fragment of Ang-1 protein that 
comprises SEQ ID NO:l, SEQ ID NO: 2, SEQ ID NO:3, and/or SEQ ID NO:4 with the ECM; 
and then comparing the level with the level of binding of protein that comprises at least an ECM- 

20 binding fragment of Ang-1 protein that comprises SEQ ID NO:l, SEQ ID NO: 2, SEQ ID NO:3, 
and/or SEQ ID NO:4 with ECM material in the absence of the test compound. When the level of 
binding of the protein that comprises at least an ECM-binding fragment of Ang-1 protein that 
comprises SEQ ID NO:l, SEQ ID NO: 2, SEQ ID NO:3, and/or SEQ ID NO:4 with the ECM in 
the presence of the test compound is less than the level of binding of the protein that comprises 

25 at least an ECM-binding fragment of Ang-1 protein that comprises SEQ ID NO:l, SEQ ID NO: 
2, SEQ ID NO:3, and/or SEQ ID NO:4 with the ECM in the absence of the test compound 
results indicate that the test compound modulates binding of Ang-1 to ECM by inhibiting the 
binding. When the level of binding of the protein that comprises at least an ECM-binding 
fragment of Ang-1 protein that comprises SEQ ID NO:l, SEQ ID NO: 2, SEQ ID NO:3, and/or 

30 SEQ ID NO:4 with the ECM in the presence of the test compound is more than the level of 
binding of the protein that comprises at least an ECM-binding fragment of Ang-1 protein that 
comprises SEQ ID NO:l, SEQ ID NO: 2, SEQ ID NO:3, and/or SEQ ID NO:4 with the ECM in 
the absence of the test compound results indicate that the test compound modulates binding of 
Ang-1 to ECM by enhancing the binding. 
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A further aspect of the invention provides pharmaceutical compositions which comprise a 
therapeutically effective amount of an Ang-1 fragment with antagonist activity or a homologous 
peptide thereof and/or a vector comprising a nucleic acid molecule that comprises the nucleotide 
coding sequence of an Ang-1 fragment with antagonist activity or a homologous peptide thereof, 
5 in each case with our without a therapeutically effective amount of Ang-2 protein activity or a 
homologous peptide thereof and/or a vector comprising a nucleic acid molecule that comprises 
the nucleotide coding sequence of Ang-2 activity or a homologous peptide thereof. 

Additional aspects of the invention provide for methods of treating an individual 
suspected of having cancer. The methods comprise the step of administering to the individual a 

10 pharmaceutical compositions which comprise a therapeutically effective amount of an Ang-1 
fragment with antagonist activity or a homologous peptide thereof and/or a vector comprising a 
nucleic acid molecule that comprises the nucleotide coding sequence of an Ang-1 fragment with 
antagonist activity or a homologous peptide thereof, in each case with our without a 
therapeutically effective amount of Ang-2 protein activity or a homologous peptide thereof 

15 and/or a vector comprising a nucleic acid molecule that comprises the nucleotide coding 
sequence of Ang-2 activity or a homologous peptide thereof. In some embodiments, the 
methods comprise administering the pharmaceutical composition in conjunction with removal or 
elimination of a tumor. 

Additional aspects of the invention provides for methods of treating an individual to 

20 inhibit arthritis and diabetes, particularly those identified as being at an elevated risk for such 
conditions. The methods comprise the step of administering to the individual a pharmaceutical 
compositions which comprise a therapeutically effective amount of an Ang-1 fragment with 
antagonist activity or a homologous peptide thereof and/or a vector comprising a nucleic acid 
molecule that comprises the nucleotide coding sequence of an Ang-1 fragment with antagonist 

25 activity or a homologous peptide thereof and/or a therapeutically effective amount of Ang-2 
protein activity or a homologous peptide thereof and/or a vector comprising a nucleic acid 
molecule that comprises the nucleotide coding sequence of Ang-2 activity or a homologous 
peptide thereof. 

Another aspect of the invention relates to improved proteins which comprise at least one 
30 of ECM binding motif comprising SEQ ID NO:l, SEQ ID NO: 2, SEQ ID NO:3, and/or SEQ ID 
NO:4 and/or ECM binding motifs comprising at least one modifications in a sequence 
comprising SEQ ID NO:l, SEQ ID NO: 2, SEQ ID NO:3, and/or SEQ ID NO:4 Such proteins 
are useful as pharmaceuticals because the presence of the motif in the proteins results in the 
protein being retained locally at the intended sites rather than diffusing to other areas. The linker 
35 peptide region and/or the coiled-coil ECM-binding region of Ang-1 that anchors Ang-1 to the 
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ECM can be thus used as "the ECM anchor motif to generate fusion proteins by fusing one or 
more of the linker peptide and/or the coiled-coil ECM-binding region to the intended proteins to 
make these proteins bound to the ECM and retained at sites of application. 

Another aspect of the invention involves diagnostic methods to detect the serum 
5 concentration of Ang-2 and/or c-Ang-1 (antagonist fragment of Ang-1) as an indicator for the 
need for post surgery use of Ang-2 and/or c-Ang-1 to inhibit progression of metastasis by 
blocking the transformation of micrometastases to life-threatening macrometastases. 

Another aspect of the invention involves diagnostic methods to detect the , serum 
concentration of Ang-1 as an diagnostic and prognosis marker for aggressive malignant cancers. 
10 Another aspect of the invention relates to methods of inhibiting Erkl/2 phosphorylation 

in a cell comprising administering a composition comprising administering an effective amount 
of a phosphorylation inhibition fragment of Ang-1 to said cell. 

Another aspect of the invention relates to methods of inhibiting tumor angiogenesis in an 
animal comprising administering a therapeutically effective amount of a pharmaceutical 
1 5 composition comprising an angiogenesis inhibiting fragment of Ang-1 . 

Another aspect of the invention relates to fusion proteins comprising SEQ ID NOs: 1, 2, 
3, 4, 5, 6, 7, 8, 9, 10, 1 1, and/or 12 and non-Ang-1 protein. 

The present invention also relates to a nucleic acid molecule encoding a fusion protein 
comprising SEQ ID NOs: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, and/or 12 and non-Ang-1 protein. 

20 

Brief Description of the Figures 

Figure 1: Ang-1 and Ang-2 displayed different capacity to bind to the ECM and to 
disseminate from their production sites in vivo. A. Ang-1 hU man is incorporated into the ECM. 
The distribution of Ang-1 human and Ang-2 human in cell culture supernatants (A-a) and the ECM 

25 (A-b) of the transiently transfected Cos-7 cells were determined by Western blotting with anti-v5 
mAb (Invitrogen). The ECM materials deposited on the culture dishes by the transfected cells 
were extracted by 2XSDS buffer. The Western blotting was performed under non-reducing 
conditions using the proteins derived from two independently transfected Cos-7 cells with Ang- 
1 human (lanes 1-2), Ang-2 hu man (lanes 3-4), or the expression vectors alone (lane 5-6). B. The 

30 ECM-binding blocks dissemination ofAng-1 form its production site in vivo. The presence of 
Ang-1 v5 and Ang-2v5 proteins in two independent blood samples (a) and solid tumors (b) are 
shown. Immunoprecipitation was performed with anti-v5-agarose beads using the blood samples 
derived from the mice bearing the subcutaneous solid tumors of LLCAng-1 (B-a, lanes 1-2) or 
LLCAng-2 cells (B-a, lanes 3-4). The immunoprecipitated proteins were analyzed by Western 

35 blotting with anti-v5 mAb under reducing conditions. The solid tumors were derived from 
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LLCAng-1 (B-b, lanes 1-4) or LLCAng-2 (B-b, lanes 5-9) and extracted with the phosphate 
buffer (B-b, lanes 1-2, and 5-6), then with 3M urea (B-b, lanes 3-4, and 7-8). 

Figure 2: The linker peptide region mediates the ECM binding of Ang-1. The expression 
constructs containing v5-ttagged wild type Ang-1, Ang-1 minus i inker , or Ang-1 cys26 54ser were sued to 
5 transfect Cos-7 cells. 72 hours after transfection, the cell culture supernatants (lanes 1-4) and the 
ECM materials (lanes 5-8) were analyzed by Western blotting with anti-v5 mAb to determine the 
distribution of Ang-1 and the Ang-1 mutants. Proteins were derived from Cos-7 cells 
transfected with wild-type Ang-1 (lanes 1 and 5), Ang-1 cys2 65ser (lanes 2 and 6), Ang-1 m i nU siinker 
(lanes 3 and 7), or the expression vectors alone (lanes 4 and 8). 

10 Figure 3: Soluble Ang-1 is cleaved at the linker peptide region. A. The size of the C- 

terminal cleavage fragment of Ang-1 (lane 2) is similar to that of Ang-1 FHD (lane 1, 32). B. 
Cos-7 cells were transfected with wild type Ang-1 (lane 1), Ang-1 minus linker (lane 2), and the 
empty expression vector (lane 3). Proteins derived from the cell culture supernatants (B-a) and 
the ECM (B-b) were analyzed by Western blotting with anti-v5 mAB. C. Ang-1 FHD, Ang-lC-C, 

15 and full-length Ang-1 proteins were coated on the 96-well Elisa plates in triplicate. After 
blocking the plates with BSA, 10|ig/ml of Tie-2Fc fusion proteins were applied to the plates and 
the bound Tie-2-Fc proteins were detected and the data were presented as means =/- SD. D. 
Ang-1 FHD failed to induce Tie-2 phosphorylation. Unlike full-length Ang-1 (lane 1), Ang- 
1FHD (lane 2) and Ang-1 C-C (lane 3) did not induce phosphorylation of Tie-2 on HUVECs. 

20 The total Tie-2 proteins were detected by Western blotting with anti-Tie-2 antibody (Santa Cruz, 
D-a), and the phosphorylated Tie-2 proteins in the immunoprecipitates were detected by Western 
Blotting with anti-phosphotyrosine (D-b). 

Figure 4: Ang-1 minusliner promotes spontaneous pulmonary metastasis of 
LLCminusmes cells much more effectively than wild type Ang-1. Transfected LLCminusmes 

25 cells (1X10 6 ) were injected subcutaneously (s.c.) into syngeneic C57BL mice. 3 independent 
isolates of each transfectant were used. 6 mice were injected for each transfectant. The solid 
tumors were removed surgically 3 -weeks after injection when the size of the tumor is 
approximately 1cm in diameter. A. The survival rate of the mice after the surgery. B. To 
determine the extent of pulmonary metastasis, three weeks after the surgery, the mice were 

30 sacrifice and the lungs were dissected out and weighted. The data represent the average lung 
weight +/- SD. Normal lung: normal health lungs derived from the mice to which no tumor cells 
were injected. LLC minusme s, LLCminusmesAng-1, and LLCminusmes Ang-1 minus linker 
represent LLC m i nU smes cells transfected with the expression vector alone or expressing Ang-1 or 
Ang-1 minuslinker. C. Hematoxylin and eosin (H & E) stained sections of the normal health lung 

35 (C-a), or the lungs derived from the mice injected with LLC minU smes (C-b). 
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Figure 5: Ang-2 inhibits spontaneous pulmonary metastasis of LLC mes . The spontaneous 
pulmonary metastatic assay was performed using transfected LLC mes expressing Ang-2 
(LLC mes Ang-2) or transfected with the empty expression vector (LLC mes ). 3 independent isolates 
of each transfectant were used. 6 mice were injected for each transfectant A. The survival rate 
5 of the mice after surgery, b. The extent of pulmonary metastasis was determined by the weight 
of the lungs dissected out from the sacrifice mice two and half weeks after the removal of the 
primary subcutaneous tumors. C. Immediately after removal of the primary tumors, pulmonary 
micrometastases derived from LLC mes (C-b) or LLC mes Ang-l (C-c) were highlighted by anti- 
CD44 mAb, IM7.8. These micrometastases are localized around host pulmonary blood vessels 
10 (indicated by the arrows) C-a, the normal lung section stained with anti-CD44 mAb. 
Hematoxylin and eosin (H&E) staining of the normal lung section (C-d), and the ling sections 
derived from the mice 2.5 weeks after removal of the s.c. solid tumors derived from LLCmes (C- 
e) or LLCmesAng-2 (C-f) cells. Bar: 200 |im. 

Figure 6: A deletion Ang-1 mutant lacking the N-terminal coiled-coil ECM binding 
15 domain (NQRRNPENGGRRYNRIQHGQCAYTFILPEHDGNCRESATEQY), Ang-1 min usN-ECM, 
displayed a marked reduction in its binding to the ECM. 

Figure 7: The C-terminal cleavage fragment of Ang-1, c- Ang-1 blocks activation of 
Erkl/2 kinase induced by Ang-1 . 

Figure 8: Ang-3 blocks activation of Erkl/2 kinases induced by Ang-1 or VEGFi 6 5. 

20 

Detailed Description of Preferred Embodiments 

As used herein, the term "ECM" refers to the extracellular matrix. The extracellular 
matrix (ECM) is a complex structural entity surrounding and supporting cells that are found 
within mammalian tissues. The ECM comprises structural proteins (collagen and elastin), 
25 specialized proteins (e.g. fibrillin, fibronectin, and laminin), and proteoglycans. Proteoglycans 
are composed of a protein core to which is attached long chains of repeating disaccharide units 
termed of glycosaminoglycans (GAGs) forming extremely complex high molecular weight 
components of the ECM. 

Although the specific procedures and methods described herein are exemplified using 
30 several specific peptides derived from Angiopoietin-1 and -2, they are merely illustrative for the 
practice of the invention. Analogous procedures and techniques, as well as functionally 
equivalent peptides and peptide homologues, as will be apparent to those of skill in the art based 
on the detailed disclosure provided herein are also encompassed by the invention. 

Aspects of the present invention arises from the discovery that angiopoietin-1 (Ang-1) 
35 associates with extracellular matrix (ECM), and the function of Ang-1 is regulated by the 
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association with the ECM. Thus, while Ang-1 promotes angiogenesis when not associated with 
the ECM, it is inhibited from promoting angiogenesis while associated with the ECM. 

The amino acid sequence of angiopoietin-1, angiopoietin-2 (Ang-2), and angiopoietin-3 
(Ang-3) and the nucleotide sequences encoding them are well known in the art. In some 
5 embodiments the amino acid sequence of Ang-1 comprises SEQ ID NOs: 13 or 14 and is 
encoded by a nucleotide sequence comprising SEQ ID NOs: 31 or 32. In some embodiments the 
amino acid sequence of Ang-2 comprises SEQ ID NOs: 15 or 16 and is encoded by a nucleotide 
sequence comprising SEQ ID NOs: 33 or 34. In some embodiments the amino acid sequence of 
Ang-3 comprises SEQ ID NOs: 17 or 18 and is encoded by a nucleotide sequence comprising 

10 SEQ ID NOs: 35 or 36. 

According to some embodiments the present invention provides for pharmaceutical 
compositions comprising a pharmaceutically acceptable carrier and a therapeutically effective 
amount of an ECM-binding fragment of the Ang-1 protein and/or a vector comprising a nucleic 
acid molecule that comprises the nucleotide sequence that encodes an ECM-binding fragment of 

15 Ang-1 protein. 

As used herein, the term "ECM-binding fragment of Ang-1 protein" refers to any peptide 
sequence that comprises a peptide fragment from Ang-1 that can bind to the ECM. In some 
embodiments the ECM-binding fragment of Ang-1 protein comprises SEQ ID NOs: 1, 2, 3, or 4. 
In some embodiments, the ECM-binding fragment of Ang-1 may include one or more ECM- 

20 binding fragments. In some embodiments, an ECM-binding fragment comprises only one ECM 
binding fragment. The fragment may be the entire Ang-1 protein or it may be a fragment of the 
Ang-1 protein. In some embodiments, the ECM-binding fragment of Ang-1 protein may be a 
part of a fusion protein that comprises Ang-1 protein sequence and non- Ang-1 protein sequence. 
In some embodiments the ECM-binding fragment of Ang-1 protein is at least 20, at least 50, at 

25 least 75, at least 100, at least 500, at least 1000 amino acid residues long. 

As used herein, the term "coiled-coil ECM-binding region" refers to an Ang-1 coiled-coil 
region which is capable of binding to the ECM. In some embodiments, the coiled-coil ECM- 
binding region comprises an amino acid sequence comprising SEQ ID NOs: 3 or 4 or is encoded 
by a nucleotide sequence comprises SEQ ID NOs: 21 or 22. 

30 As used herein, the term "linker peptide region", "linker sequence" or "linker protein" 

refers the sequence present in Ang-1 and/or Ang-2 that is between the N-terminal coiled-coil 
domain and the C-terminal fibrinogen homology domain (FHD). In some embodiments, the 
linker peptide region comprises SEQ ID NO:l and/or SEQ ID NO: 2 or is encoded by a nucleic 
acid molecule comprising a nucleotide sequence comprising SEQ ID NO: 19 and/or 20. 

10 
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As used herein, the term "non-ECM-binding fragment of Ang-1 protein" refers to any 
peptide sequence that comprises a peptide fragment from Ang-1 that cannot bind to the ECM or 
has reduced binding to the ECM. In some embodiments, a non-ECM binding fragment of Ang-1 
comprises SEQ ID NOs: 5, 6, 7, 8, 9, and/or 10. In some embodiments, a non-ECM binding 
5 fragment of Ang-1 is encoded by a nucleic acid molecule comprising a nucleotide sequence 
comprising SEQ ID NOs: 23, 24, 25, 26, 27, or 28. 

In some embodiments, a non-ECM binding fragment of Ang-1 protein refers to a protein 
that has a modification within an ECM-binding fragment or domain of Ang-1 protein. In some 
embodiments, the modification is a substitution, deletion, or insertion. In some embodiments the 
10 modification occurs within the ECM binding domains of Ang-1. In some embodiments, a non- 
ECM binding fragment of Ang-1 comprises a modification in a sequence comprising SEQ ID 
NOs: 1, 2, 3, and/or 4. In some embodiments, a non-ECM binding fragment of Ang-1 protein 
comprises a modification in a nucleotide sequence encoding a polypeptide comprising a 
sequence of SEQ ID NOs: 1, 2, 3, and/or 4. In some embodiments, the nucleotide sequence 
15 comprising the modification comprises SEQ ID NOs: 19, 20, 21, and/or 22. 

As used herein the term "ECM binding domain of Ang-1" refers to the sequences that 
bind to the ECM or are needed for the Ang-1 protein to bind to the ECM. In some embodiments, 
an ECM binding domain of Ang-1 comprises SEQ ID NOs: 1, 2, 3, or 4. 

As used herein, the term "reduced" can refer the reduction of a value or activity of a 
20 protein, molecule, or compound, such as, for example, a protein binding to another protein or 
molecule. In some embodiments, the value or activity that is reduced is reduced completely or 
100%. In some embodiments, the value or activity that is reduced is reduced by at least at least 
5%, at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 
25 99%. 

As used herein, "reduced binding to the ECM" refers to the ability of a protein to bind to 
the ECM when compared to the wild-type or full-length version of the protein. In some 
embodiments, the reduction in binding to the ECM is at least 5%, at least 10%, at least 20%, at 
least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at 
30 least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or at least 100%. To determine 
how to determine if the binding of a protein is reduced is well known to one of ordinary skill in 
the art and can be determined using assays, such as, but not limited to, ELISA, western blot, 
immunopurification, immunofluorescence, antibody staining, and the like. 



11 



Docket No.: UPN0003-100 (P3115) PATENT 

As used herein, a "fragment" of a protein is at least 5, at least 10, at least 20, at least 30, 
at least 40, at least 50, at least 75, at least 100, at least 200, at least 500, at least 1000 amino acid 
residues long. 

As used herein, the term "a mutant Ang-1 which retain their angiogenesis promoting 
5 activity but which have reduced or inactive ECM binding" refers to any peptide sequence that 
comprises a peptide fragment from Ang-1 that cannot bind to the ECM or binds at a lower 
affinity than normal Ang-1 but which can still bind to Tie-2 as an agonist. In some embodiments 
the mutant Ang-1 which retains their angiogenesis promoting activity but which has reduced or 
inactive ECM binding is missing the linker domain of Ang-1. In some embodiments, the mutant 

10 Ang-1 is missing the N-terminal coiled-coil region. In some embodiments the mutant Ang-1 
which retains their angiogenesis promoting activity but which has reduced or inactive ECM 
binding has substitutions and/or deletions and/or additions in the ECM anchor motif of Ang-1 
protein. In some embodiments the mutant Ang-1 which retains their angiogenesis promoting 
activity but which has reduced or inactive ECM binding has substitutions and/or deletions and/or 

15 additions in the ECM anchor motif of Ang-1 protein wherein the cysteine at 265 is replaced with 
a serine. In some embodiments, the mutant may be a part of a fusion protein that comprises 
Ang-1 protein sequence and non- Ang-1 protein sequence. In some embodiments, "a mutant Ang- 
1 which retain their angiogenesis promoting activity but which have reduced or inactive ECM 
binding" comprises SEQ ID NOs: 5, 6, 7, 8, 9, and/or 10. 

20 As used herein, the term "proteolytic resistant fragment of Ang-1 protein" refers to a 

Ang-1 protein that is resistant to cleavage or wherein the cleavage of Ang-1 is reduced. In some 
embodiments, the Ang-1 comprises a modification in a proteolytic domain of Ang-1, wherein the 
modification inhibits the proteolysis of Ang-1. In some embodiments, the proteolytic domain 
comprises SEQ ID NOs: 1 and/or 2. In some embodiments, a proteolytic resistant fragment of 

25 Ang-1 protein comprises a modification in a sequence comprising SEQ ID NO:l and/or SEQ ID 
NO:2. 

As used herein, the term "modification" refers to a protein or nucleic acid molecule 
substitution, insertion, or deletion. In the case of substitution, one amino acid residue or 
nucleobase is replaced by another. In the case of insertion, at least one amino acid residue or 

30 nucleobase is inserted into a protein or a nucleic acid molecule. In the case of deletion at least 
one amino acid residue or nucleobase is removed from a protein or a nucleic acid molecule. In 
some embodiments, at least 1, at least 2, at least 5, at least 10, at least 20, at least 30, at least 40, 
at least 50, at least 100, at least 500, at least 1000, or at least 2000 nucleobases are substituted, 
inserted, or deleted in a nucleic acid molecule. In some embodiments, at least 1, at least 2, at 

35 least 5, at least 10, at least 20, at least 30, at least 40, at least 50, at least 100, at least 200, at least 
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300, or at least 400 amino acid residues are substituted, inserted, or deleted in a protein or 
polypeptide. 

As used herein, the term "a mutant Ang-1 which retain their angiogenesis promoting 
activity but which has is not cleaved into a antagonist fragment" refers to any peptide sequence 
5 that comprises a peptide fragment from Ang-1 that can still bind to Tie-2 as an agonist and has 
some deletion, addition or substitution to eliminate a protease cleavage site that when processed 
by a native protease yields an antagonist fragment. Ang-1 is normally cleaved within or nearby 
the linker peptide region to generate a C-terminal fragment, c-Ang-1, which has a similar 
molecular weight as that of the fibrinogen homology domain (FHD) fragment of Ang-1. Mutant 

10 Ang-ls which are engineered to eliminate the protease cleavage site are more effective as 
angiogenic substances in that they have a longer half life and do not produce an antagonist. In 
some embodiments a mutant Ang-1 which is engineered to eliminate the protease cleavage site 
comprises SEQ ID NOs: 5, 6, 9, and/or 10. In some embodiments, the mutant may be a part of a 
fusion protein that comprises Ang-1 protein sequence and non- Ang-1 protein sequence. 

1 5 The c-Ang-1 doesn't bind to the ECM but binds to Tie-2-Fc fusion proteins. However, c- 

Ang-1 doesn't induce phosphorylation of Tie-2 on endothelial cells (HUVECs). Thus, c-Ang-1 
may be used as a inhibitor of tumor angiogenesis to block tumor growth and metastasis. c-Ang-1 
can inhibit the activation of Erkl/2 kinase. Thus, c-Ang-1 may also be used as an inhibitor of 
Erkl/2 kinase activity. In some embodiments the sequence of c-Ang-1 comprises SEQ ID NOs: 

20 1 1 or 12 and can be encoded by a nucleotide sequence comprising SEQ ID NOs: 29 or 30. 

As used herein, the term "phosphorylation inhibition fragment of Ang-1" refers to a 
fragment of Ang-1 that inhibits the phosphorylation of Erkl/2 or the activation of Erkl/2. In 
some embodiments, the phosphorylation inhibition fragment of Ang-1 comprises SEQ ID NOs: 
1 1 or 12 or is an protein that comprises a polypeptide encoded by SEQ ID NOs: 29 or 30. 

25 As used herein, the term "homologous peptide" refers to a peptide that has at least 50% 

similarity to the peptide being referred to. In some embodiments the peptide has at least 60%, at 
least 70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at 
least 99%, or at least 100% to the peptide being referred to. In some embodiments the peptide 
has at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 

30 97%, at least 98%, at least 99%, or at least 100% similarity to the ECM-binding fragment of 

Ang-1 protein and can bind to the ECM. In some embodiments the homologous peptide has at 

least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at 

least 98%, at least 99%, or at least 100% similarity to SEQ ID NO:l, SEQ ID NO:2, SEQ ID 

NO:3, SEQ ID NO:4, SEQ ID NO:13, and/or SEQ ID NO:14. The homologous peptide may be 

35 isolated or incorporated into another protein so that a fusion protein is created. In some 

13 
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embodiments the peptide has at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, 
at least 96%, at least 97%, at least 98%, at least 99%, or at least 100% similarity to the non- 
ECM-binding fragment of Ang-1 protein and can either not bind to the ECM or has reduced 
binding to the ECM. In some embodiments the homologous peptide has at least 60%, at least 
70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 
99%, or at least 100% similarity to SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, 
SEQ ID NO:9, and/or SEQ ID NO: 10 

According to some embodiments a homologous peptide refers to a peptide that has 
conservative substitutions. A conservative substitution is recognized in the art as a substitution of 
one amino acid for another amino acid that has similar properties. In some embodiments 
examples of conservative substitutions are those that are described in Table I. 



Table I 



Amino Acid 


Conservative Changes 


Alanine (A) 


Glycine (G), Serine (S) 


Aspartic Acid (D) 


Glutamic Acid (E) 


Glutamic Acid (E) 


Aspartic Acid (D) 


Phenylalanine (F) 


Tryptophan (W), Tyrosine (Y) 


Glycine (G) 


Alanine (A) 


Histidine (H) 


Tyrosine (Y) 


Isoleucine (I) 


Leucine (L), Methionine (M), Valine (V) 


Lysine (K) 


Arginine (R) 


Leucine (L) 


Isoleucine (1), Methionine (M) Valine (V) 


Methionine (M) 


Isoleucine (1), Leucine (L), Valine (V) 


Asparagine (N) 


Glutamine (Q) 


Glutamine (Q) 


Asparagine (N) 


Arginine (R) 


Lysine (K) 


Serine (S) 


Alanine (A), Threonine (T) 


Threonine (T) 


Serine (S) 


Valine (V) 


Isoleucine (I), Methionine (M) Valine (V) 


Tryptophan (W) 


Phenylalanine (F), Tyrosine (Y) 


Tyrosine (Y) 


Phenylalanine (F) Histidine (H) Tryptophan 
(W) 



As used herein, the phrase "homologous", "homologous peptide", "homologous peptide 
1 5 thereof or variations thereof, refers to sequences characterized by a homology, at the nucleotide 
level or amino acid level, of at least a specified percentage. Homologous nucleotide sequences 
include those sequences coding for isoforms of proteins. Such isoforms can be expressed in 
different tissues of the same organism as a result of, for example, alternative splicing of RNA. 
Alternatively, isoforms can be encoded by different genes. Homologous nucleotide sequences 
20 include nucleotide sequences encoding for a protein of a species other than humans, including, 

14 
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but not limited to, mammals. Homologous nucleotide sequences also include, but are not limited 
to, naturally occurring allelic variations and mutations of the nucleotide sequences set forth 
herein. Homologous amino acid sequences include those amino acid sequences which contain 
conservative amino acid substitutions and which polypeptides have the same binding and/or 
5 activity. 

Percent homology, similarity, or identity can be determined by, for example, the Gap 
program (Wisconsin Sequence Analysis Package, Version 8 for Unix, Genetics Computer 
Group, University Research Park, Madison WI), using default settings, which uses the algorithm 
of Smith and Waterman (Adv. Appl. Math., 1981, 2, 482-489). In some preferred embodiments, 

10 homology between the probe and target is between about 50% to about 60%. In some 
embodiments, nucleic acids have nucleotides that are about 60%, preferably about 70%, more 
preferably about 80%; more preferably about 85%, more preferably about 90%, more preferably 
about 92%, more preferably about 94%, more preferably about 95%, more preferably about 97%, 
more preferably about 98%, more preferably about 99% and most preferably about 100% 

1 5 homologous to nucleotide sequences disclosed herein. 

Homology may also be at the polypeptide level. In some embodiments, polypeptides are 
about 50%, about 60%, preferably about 70%, more preferably about 80%, more preferably 
about 85%, more preferably about 90%, more preferably about 92%, more preferably about 94%, 
more preferably about 95%, more preferably about 97%, more preferably about 98%, more 

20 preferably about 99% and most preferably about 100% homologous to the polypeptide sequences 
disclosed herein. 

As used herein, the term "fusion protein" refers to a protein that comprises amino acids 
that are from at least two different proteins. As an example, a fusion protein may comprise the 
ECM-binding fragment of Ang-1 protein and kinase domain of another protein. This example 

25 would be considered a fusion protein. A fusion protein may also comprise a tag protein that may 
facilitate identification and/or purification. Examples of tag protein include, but are not limited, 
6-Hisitidine Tag, HA-tag, GST-tag, v5 epitope, myc tag, and the like. The fusion of two protein 
sequences can be in any orientation. The tag protein can be placed at either the N-terminus or at 
the C-terminus of any fusion protein. In some embodiments, the tag protein is placed internally 

30 in the fusion protein. The ECM-binding fragment may be placed at the N-terminus of a fusion 

protein or at the C-terminus of a fusion protein. In some embodiments, the ECM-binding 

fragment of Ang-1 protein may be placed in the middle of a protein. In some embodiments, the 

"the ECM anchor motif 5 is combined with a biologically active protein which is desired to be 

retained locally as opposed to diffusing away for the site of administration. In some cases, the 

35 diffusion may cause side effects while in others, the desire for local retention is to maintain a 

15 
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high level of biologically active material at a site. In either case, the linker peptide region of 
Ang-1 or the N-terminal coiled-coil region that anchors Ang-1 to the ECM may be used as "the 
ECM anchor motif to generate fusion proteins by fusing one or more of these regions to the 
intended proteins to make these proteins bound to the ECM and retained at sites of application. 
5 In some embodiments the "ECM anchor motif comprises SEQ ID NOs: 1, 2, 3, and/or 4. 

As used herein, the term "homologous peptide thereof refers to a peptide that is a 
homologous peptide, as defined above, to the ECM-binding fragment of Ang-1 protein, non- 
ECM-binding fragment of Ang-1 protein, or to c-Ang-1. The homologous peptide thereof may 
be fusion protein, the entire Ang-1 protein, or a fragment thereof. 

10 As used herein, the term "nucleotide sequence that encodes an ECM-binding fragment of 

Ang-1 protein" refers to a nucleotide sequence that when transcribed and translated would 
comprise an ECM-binding fragment of Ang-1 protein. According to some embodiments of the 
present invention, the nucleotide sequence may be the entire sequence of Ang-1. In some 
embodiments the nucleotide sequence may comprise a fragment of the nucleotide sequence of 

15 Ang-1. The nucleotide sequence of Ang-1 is well known to one of ordinary skill in the art. In 
some embodiments the nucleotide sequence that encodes an ECM-binding fragment of Ang-1 
protein comprises SEQ ID NOs: 19, 20, 21, 22, 31, and/or 32. 

As used herein, the term "nucleotide sequence that encodes a non-ECM-binding fragment 
of Ang-1 protein" refers to a nucleotide sequence that when transcribed and translated would 

20 comprise an non-ECM-binding fragment of Ang-1 protein. In some embodiments a nucleotide 
sequence that encodes a non-ECM-binding fragment of Ang-1 protein comprises SEQ ID 
NOs:23. 24, 25, 26, 27, and/or 28. 

As used herein, the term "pharmaceutical composition" refers to compositions according 
to the invention including delivery components in combination with nucleic acid molecules 

25 and/or peptide molecules which further comprise a pharmaceutical^ acceptable carriers or 
vehicles, such as, for example, saline. Any medium may be used which allows for successful 
delivery of the peptide and/or nucleic acid. One skilled in the art would readily comprehend the 
multitude of pharmaceutically acceptable media that may be used in the present invention. 

Pharmaceutical compositions may be formulated by one having ordinary skill in the art 

30 with compositions selected depending upon the chosen mode of administration. Suitable 

pharmaceutical carriers are described in Remington's Pharmaceutical Sciences, A. Osol, a 

standard reference text in this field, which is incorporated herein by reference. 

The pharmaceutical compositions of the present invention may be administered by any 

means that enables the active agent to reach the agent's site of action in the body of an individual. 

35 Pharmaceutical compositions may be administered parenterally, i.e., intratumor, intravenous, 
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subcutaneous, intramuscular. Intravenous and intratumor administration are preferred routes. 
Dosage varies depending upon known factors such as the pharmacodynamic characteristics of 
the particular agent, and its mode and route of administration; age, health, and weight of the 
recipient; nature and extent of symptoms, kind of concurrent treatment, frequency of treatment, 
5 and the effect desired. 

As used herein, the term "vector" refers to a delivery vehicle that is capable of delivering 
a nucleic acid to a cell. In some embodiments, the vector is a viral vector. In general, viral 
vectors may be DNA viruses such as recombinant adenoviruses and recombinant vaccinia 
viruses or RNA viruses such as recombinant retroviruses. Other recombinant vectors include 

10 recombinant prokaryotes that can infect cells and express recombinant genes. In addition to 
recombinant vectors, other vectors are also contemplated such as encapsulation in liposomes, 
lipofectin-mediated transfection, transferrin-mediated transfection and other receptor-mediated 
means. In some embodiments the vector is a DNA plasmid. The invention is intended to include 
such other forms of expression vectors and other suitable delivery means which serve equivalent 

1 5 functions and which become known in the art subsequently hereto. 

Examples of recombinant adenoviral vectors include those which have the El a region 
deleted and which carry a temperature-sensitive mutation in E2a (Engelhardt et al., Hum Gene 
Ther 5:1217-1229, 1994, which is incorporated herein by reference). Other examples of 
recombinant adenoviral vectors useful to deliver nucleic acid sequence of the present invention 

20 are described in U.S. Pat. Nos. 5,756,283 and 5,707,618, which are each incorporated herein by 
reference. 

In another preferred embodiment of the present invention, RNA is delivered to competent 
host cells by means of a retrovirus. One skilled in the art would readily understand this technique 
of delivering RNA to a host cell by such means. Any retrovirus which serves to express the 
25 protein encoded by the RNA is intended to be included in the present invention. 

In another preferred embodiment of the present invention, nucleic acid is delivered 
through folate receptor means. The nucleic acid sequence to be delivered to a host cell is linked 
to polylysine and the complex is delivered to the tumor cell by means of the folate receptor. U.S. 
Pat. No. 5,108,921 issued Apr. 28, 1992 to Low et al., which is incorporated herein by reference, 
30 describes such delivery components. 

In another preferred embodiment of the present invention, nucleic acid is delivered 
through the use of lipofectin-mediated DNA transfer. LipofectAMINE.TM. liposome reagent 
(Life Technologies, Gaithersburg Md.) is a commercially available liposome encapsulation 
reagent which can be used for encapsulating cells following manufacturer's instructions. 
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LipofectAMINE.TM. liposome reagent encapsulated nucleic acid molecules may be delivered to 
a host cell using liposome formulation administration methods. 

In another preferred embodiment of the present invention, nucleic acid is delivered 
through the use of cationic lipid-mediated DNA transfer such as that which is described in U.S. 
5 Pat. No. 5,703,055, which is incorporated herein by reference. 

In another preferred embodiment of the present invention, nucleic acid is delivered 
through the use of liposome-mediated DNA transfer such as that which is described in U.S. Pat. 
Nos. 4,235,871, 4,241,046 and 4,394,448, which are each incorporated herein by reference. 

In some embodiments the compounds of the invention, may be administered to a subject 
10 per se or in the form of a pharmaceutical composition. Pharmaceutical compositions comprising 
the compounds of the invention may be manufactured by means of conventional mixing, 
dissolving, granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping or 
lyophilizing processes. Pharmaceutical compositions may be formulated in conventional manner 
using one or more physiologically acceptable carriers, diluents, excipients or auxiliaries which 
15 facilitate processing of the active peptides or peptide analogues into preparations which can be 
used pharmaceutical^. Proper formulation is dependent upon the route of administration chosen. 

For topical administration the compounds of the invention may be formulated as 
solutions, gels, ointments, creams, suspensions, etc. as are well-known in the art. 

Systemic formulations include those designed for administration by injection, e.g. 
20 subcutaneous, intravenous, intramuscular, intrathecal or intraperitoneal injection, as well as those 
designed for transdermal, transmucosal, oral or pulmonary administration. 

For injection, the compounds of the invention may be formulated in aqueous solutions, 
preferably in physiologically compatible buffers such as Hanks's solution, Ringer's solution, or 
physiological saline buffer. The solution may contain formulatory agents such as suspending, 
25 stabilizing and/or dispersing agents. 

Alternatively, the compounds may be in powder form for constitution with a suitable 
vehicle, e.g., sterile pyrogen-free water, before use. 

For transmucosal administration, penetrants appropriate to the barrier to be permeated are 
used in the formulation. Such penetrants are generally known in the art. 
30 For oral administration, the compounds can be readily formulated by combining the 

active peptides or peptide analogues with pharmaceutically acceptable carriers well known in the 
art. Such carriers enable the compounds of the invention to be formulated as tablets, pills, 
dragees, capsules, liquids, gels, syrups, slurries, suspensions and the like, for oral ingestion by a 
patient to be treated. For oral solid formulations such as, for example, powders, capsules and 
35 tablets, suitable excipients include fillers such as sugars, such as lactose, sucrose, mannitol and 
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sorbitol; cellulose preparations such as maize starch, wheat starch, rice starch, potato starch, 
gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethyl-cellulose, sodium 
carboxymethylcellulose, and/or polyvinylpyrrolidone (PVP); granulating agents; and binding 
agents. If desired, disintegrating agents may be added, such as the cross-linked 
polyvinylpyrrolidone, agar, or alginic acid or a salt thereof such as sodium alginate. 

If desired, solid dosage forms may be sugar-coated or enteric-coated using standard 
techniques. 

For oral liquid preparations such as, for example, suspensions, elixirs and solutions, 
suitable carriers, excipients or diluents include water, glycols, oils, alcohols, etc. Additionally, 
flavoring agents, preservatives, coloring agents and the like may be added. 

For buccal administration, the compounds may take the form of tablets, lozenges, etc. 
formulated in conventional manner. 

For administration by inhalation, the compounds for use according to the present 
invention are conveniently delivered in the form of an aerosol spray from pressurized packs or a 
nebulizer, with the use of a suitable propellant, e.g., dichlorodifluoromethane, 
trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the 
case of a pressurized aerosol the dosage unit may be determined by providing a valve to deliver a 
metered amount. Capsules and cartridges of e.g. gelatin for use in an inhaler or insufflator may 
be formulated containing a powder mix of the compound and a suitable powder base such as 
lactose or starch. 

The compounds may also be formulated in rectal or vaginal compositions such as 
suppositories or retention enemas, e.g, containing conventional suppository bases such as cocoa 
butter or other glycerides. 

In addition to the formulations described previously, the compounds may also be 
formulated as a depot preparation. Such long acting formulations may be administered by 
implantation (for example subcutaneously or intramuscularly) or by intramuscular injection. 
Thus, for example, the compounds may be formulated with suitable polymeric or hydrophobic 
materials (for example as an emulsion in an acceptable oil) or ion exchange resins, or as 
sparingly soluble derivatives, for example, as a sparingly soluble salt. 

Alternatively, other pharmaceutical delivery systems may be employed. Liposomes and 

emulsions are well known examples of delivery vehicles that may be used to deliver peptides 

and/or nucleotides of the invention. Certain organic solvents such as dimethylsulfoxide also may 

be employed, although usually at the cost of greater toxicity. Additionally, the compounds may 

be delivered using a sustained-release system, such as semipermeable matrices of solid polymers 

containing the therapeutic agent. Various of sustained-release materials have been established 

19 
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and are well known by those skilled in the art. Sustained-release capsules may, depending on 
their chemical nature, release the compounds for a few weeks up to over 100 days. Depending on 
the chemical nature and the biological stability of the therapeutic reagent, additional strategies 
for protein stabilization may be employed. 
5 According to some embodiments of the present invention the pharmaceutical 

composition is administered in an amount that is therapeutically effective. As used herein, the 
term "therapeutically effective" refers to an amount effective to achieve the intended purpose. In 
some embodiments the intended purpose is to treat coronary artery disease, vascular disease, a 
condition involving ischemia, cancer, diabetes or arthritis. In some embodiments the intended 

10 purpose is to effectively promote angiogenesis in the patients with the diseases related to lack of 
blood vessels such as ischemia in hearts and limbs. In some embodiments the intended purpose 
is to reduce stroke, heart attack, blood vessel blockage, hemorrhage, artherosclerosis risk by 
maintain the health and integrity of blood vessels (by reduce the loss the endothelial monolayer 
integrity and attachment of blood cells on vessel walls). In some embodiments the intended 

1 5 purpose is to assist the recovery of the patients who had stroke and the angioplasty procedure by 
promoting the growth/survival of endothelial cells and establish endothelial monolayer and 
inhibit excessive inflammation, hemorrhage, and proliferation of vascular smooth muscle. In 
some embodiments the intended purpose is to treat patients with restenosis by inhibiting re- 
closure of blood vessel after inserting stents into blood vessels. In some embodiments the 

20 intended purpose is to make stable and functional artificial blood vessels. In some embodiments 
a therapeutically effective amount refers to an amount effective to ameliorate or prevent the 
symptoms, or prolong the survival of, the patient being treated. Therapeutically effective 
amounts are typically determined by the effect they have compared to the effect observed when a 
composition which includes no active ingredient is administered to a similarly situated individual 

25 The precise effective amount for a subject will depend upon the subject's size and health, the 
nature and extent of the condition, and the therapeutics or combination of therapeutics selected 
for administration. However, the effective amount for a given situation is determined by routine 
experimentation and is within the judgment of the clinician. Determination of a therapeutically 
effective amount is well within the capabilities of those skilled in the art, especially in light of 

30 the detailed disclosure provided herein. 

Initial dosages can also be estimated from in vivo data, e.g., animal models, using 
techniques that are well known in the art. One having ordinary skill in the art could readily 
optimize administration to humans based on animal data. 

Dosage amount and interval may be adjusted individually to provide plasma levels of the 

35 compounds which are sufficient to maintain therapeutic effect. Usual patient dosages for 
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administration by injection range from about 0.1 to 5 mg/kg/day 5 preferably from about 0.5 to 1 
mg/kg/day. Therapeutically effective serum levels may be achieved by administering multiple 
doses each day. 

In cases of local administration or selective uptake, the effective local concentration of 
5 the compounds may not be related to plasma concentration. One having skill in the art will be 
able to optimize therapeutically effective local dosages without undue experimentation. 

The amount of compound administered will, of course, be dependent on the subject being 
treated, on the subject's weight, the severity of the affliction, the manner of administration and 
the judgment of the prescribing physician. 

10 The therapy may be repeated intermittently while symptoms detectable or even when 

they are not detectable. The therapy may be provided alone or in combination with other drugs. 

According to some embodiments, the present invention provides for methods of 
promoting angiogenesis, endothelial survival, and/or maintaining vascular integrity 

As used herein, the term "angiogenesis" refers to the growth of blood vessels. In some 

15 embodiments the promotion of angiogenesis promotes the growth of new blood vessels, while in 
some embodiments existing blood vessels are promoted to grow. Angiogenesis is a term well 
understood by those of ordinary skill in the art. In some embodiments endothelial survival refers 
to the process of preventing endothelial cells from dying. In some embodiments endothelial 
survival refers to the promoting the growth of endothelial cells. 

20 In some embodiments "maintaining vascular integrity" refers to the process by which the 

a vascular system viability and functions are kept at specific level. In some embodiments the 
vascular system may be located throughout the individual. In some embodiments the vascular 
system may be localized to a specific region of the individual. For example, if a person has a 
poor vascular system in the foot, the pharmaceutical composition may be administered in a 

25 therapeutically effective amount to promote and maintain vascular integrity in that foot, while 
the rest of the vascular system may be unaffected. However, in other embodiments a 
therapeutically effective amount may promote angiogenesis, endothelial survival, and 
maintaining vascular integrity throughout the individual. 

According to some embodiments, the present invention provides for methods for 

30 identifying compounds that modulates the binding of Ang-1 to ECM comprising performing a 
test assay that comprises the steps of contacting a protein that comprises at least an ECM-binding 
fragment of Ang-1 protein that comprises SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3 and/or 
SEQ ID NO:4 or a homologous peptide thereof with ECM material in the presence of a test 
compound and measuring the level of binding of the protein that comprises at least an ECM 

35 binding fragment of Ang-1 protein that comprise SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3 
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and/or SEQ ID NO:4 or a homologous peptide thereof with the ECM. In some embodiments the 
method further comprises comparing the level with the level of binding of the protein that 
comprises at least an ECM-binding fragment of Ang-1 protein that comprises EQ ID NO:l 5 SEQ 
ID NO:2, SEQ ID NO:3 and/or SEQ ID NO:4 or a homologous peptide thereof with ECM 
5 material in the absence of said test compound. In some embodiments when the level of binding 
of the protein that comprises at least an ECM-binding fragment of Ang-1 protein that comprises 
SEQ ID NO:l, SEQ ID NO:2 5 SEQ ID NO:3 and/or SEQ ID NO:4 or a homologous peptide 
thereof with the ECM in the presence of the test compound is less than the level of binding of the 
protein that comprises at least an ECM-binding fragment of Ang-1 protein that comprises SEQ 

10 ID NO:l, SEQ ID NO:2, SEQ ID NO:3 and/or SEQ ID NO:4 or a homologous peptide thereof 
with the ECM in the absence of the test compound results indicate that the test compound 
modulates binding of Ang-1 to ECM by inhibiting the binding. 

In some embodiments when the level of binding of the protein that comprises at least an 
ECM-binding fragment of Ang-1 protein that comprises SEQ ID NO:l, SEQ ID NO:2, SEQ ID 

15 NO:3 and/or SEQ ID NO:4 with the ECM in the presence of the test compound is more than the 
level of binding of the protein that comprises at least an ECM-binding fragment of Ang-1 protein 
that comprises SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3 and/or SEQ ID NO:4 with the ECM 
in the absence of the test compound results indicate that the test compound modulates binding of 
Ang-1 to ECM by enhancing the binding. 

20 As used herein, the term "modulates" refers to an increase or a decrease. In some 

embodiments, the modulation is at least 10%, at least 20%, at least 30%, at least 40%, at least 
50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, or at least 100% In 
some embodiments the test compound increases the level of Ang-1 protein binding to the ECM. 
In some embodiments the test compound decreases the level of Ang-1 protein binding to the 

25 ECM. In some embodiments, the compound is a peptide. In some embodiments, the peptide 
comprises a fragment of SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3 and/or SEQ ID NO:4. In 
some embodiments the peptide is comprises about 2, about 3, about 4, about 5, about 6, about 7, 
about 8, about 9, about 10, about 11, about 12, about 13, about 14, about 15, about 5-15, at least 
20, at least 30, at least 40, at least 45 amino acid residues. 

30 As used herein, the term "at least an ECM-binding fragment of Ang-1 protein" refers to a 

protein that comprises a fragment of Ang-1 that can bind to ECM. In some embodiments this 

refers to SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3 and/or SEQ ID NO:4. In some 

embodiments, this refers to protein that comprises a section of the protein that is homologous to 

an ECM-binding fragment of Ang-1 protein. In some embodiments, the protein can be the full- 

35 length Ang-1 protein or a fragment thereof. In some embodiments the "at least an ECM-binding 

22 
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fragment of Ang-1 protein" comprises SEQ ID NOs:l, 2, 3, 4, 13, and/or 14. In some 
embodiments, the protein can be a fusion protein that comprises Ang-1 protein sequence and 
non-Ang-1 protein sequence. In some embodiments, a protein comprising at least an ECM- 
binding fragment of Ang-1 protein comprises a peptide sequence that has at least 50%, at least 
5 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 
98%, at least 99%, at least 100% similarity to an ECM-binding fragment of Ang-1. In some 
embodiments a protein comprising at least an ECM-binding fragment of Ang-1 protein 
comprises a peptide sequence that has at least 50%, at least 60%, at least 70%, at least 80%, at 
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or at least 100% 
10 similarity to SEQ ID NOs:l, 2, 3, 4, 13, and/or 14. In some embodiments a protein comprising 
at least an ECM-binding fragment of Ang-1 protein comprises a peptide sequence that has at 
least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 96%, at 
least 97%, at least 98%, at least 99%, or at least 100% similarity to SEQ ID NOs:l, 2, 3, and/or 
4. 

1 5 According to some embodiments "ECM material" refers to a compound or material that 

is found in the extracellular matrix that can bind to an ECM-binding fragment of Ang-1 protein. 
According to some embodiments the "ECM material" refers to a composition comprising 
fibrohection, laminin, type I collagen, type IV collagen, vitronectin, fibrinogen, matrigel, LLC 
carcinoma ECM, BSA, heparin, chondroitin sulfate, or hyaluronic acid. 

20 In some embodiments the ECM material is produced by culturing cells on a substrate for 

a sufficient time for the cells to produce the ECM material on the substrate and then removing 
the cells from the substrate without removing the ECM material. In some embodiments the cells 
that are used to produce the ECM material are Lewis Lung carcinoma cells or TA3 murine 
mammary carcinoma cells. As used herein, the term "substrate" refers to any vessel or container 

25 that is capable of culturing cells. Examples of substrates include, but are not limited to, petri 
dishes, 6-well plates, 96-well plates, 384-well plates, and the like. Removing cells from the 
substrate without removing the ECM material is well within the skill of one of ordinary skill in 
the art. An example of how to remove the cells without removing the ECM includes contacting 
the cells with a chelator such as EDTA or EGTA for a sufficient time to remove the cells without 

30 effecting the ECM material. There are other methods that can performed the same function as 

contacting the cells with EDTA or EGTA and are within the scope of the current invention. 

According to some embodiments the protein that comprises at least an ECM-binding 

fragment of Ang-1 comprising a detectable label. As used herein, the term "detectable label" 

refers to any molecule that can be detected with methods that are well known to those of 

35 ordinary skill in the art. Molecules with detectable labels include without limitation proteins, 
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protein fragments, antibodies, fluorescent labels, radioactive labels, chromophores, 
chemilluminescent probes, and the like. In some embodiments the detectable label is used to 
measure the level of binding of the protein that comprises at least an ECM-binding fragment of 
Ang-1 protein on the ECM. 

In some embodiments the method of identifying compound that modulates the binding of 
Ang-1 to ECM further comprises multiple test assays that are identical except that the amount of 
the test compound used differs. To aid in determining the effective amount of a test agent 
multiple assays are preformed using different amounts of the test compound. In some 
embodiments at least 2 assays are performed. In some other embodiments at least 3, at least 4, at 
least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 15, at least 20, at least 30, at 
least 40, at least 50, at least 100 assays are performed using different amounts of the test 
compound. 

According to some embodiments the methods of identifying a compound that modulates 
the binding of Ang-1 to ECM further comprises determining the level of binding of a protein that 
comprises at least an ECM-binding fragment of Ang-1 protein that comprises SEQ ID NO:l, 
SEQ ID NO:2, SEQ ID NO:3 and/or SEQ ID NO:4 with ECM material in the absence of the test 
compound by performing a control assay wherein the control assay comprises the steps of 
contacting a protein that comprises at least an ECM-binding fragment of Ang-1 protein that 
comprises SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3 and/or SEQ ID NO:4 with ECM 
material in the absence of a test compound and measuring the level of binding of the protein that 
comprises at least an ECM binding fragment of Ang-1 protein that comprises SEQ ID NO:l, 
SEQ ID NO:2, SEQ ID NO:3 and/or SEQ ID NO:4 with the ECM. 

Assays that can be used for the methods to identify compounds that modulates the 
binding of Ang-1 to ECM are well known to those of ordinary skill in the art and require only 
routine experimentation. Examples of assays that are well known to those of ordinary skill in the 
art include ELISA, Sandwich Assays, flow cytometry, immunoprecipitation, and the like. 

According to some embodiments the present invention provides for pharmaceutical 
compositions comprising a pharmaceutically acceptable carrier and a therapeutically effective 
amount of Ang-2 protein and/or a vector comprising a nucleic acid molecule that comprises the 
nucleotide coding sequence of Ang-2. According to some embodiments the present invention 
provides for pharmaceutical compositions comprising a pharmaceutically acceptable carrier and 
a therapeutically effective amount of Ang-3 protein and/or a vector comprising a nucleic acid 
molecule that comprises the nucleotide coding sequence of Ang-3 

As used herein, the term "Ang-2" refers to the protein or nucleic acid encoding the 

protein or fragment thereof of Angiopoietin-2. In some embodiments the Ang-2 is mammalian 
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Ang-2. In some embodiments, the Ang-2 is human, mouse, rat, dog, cat, pig, or horse. In some 
embodiments the Ang-2 protein comprises SEQ ID NO: 15 and/or SEQ ID NO: 16. In some 
embodiments the Ang-2 nucleotide coding sequence comprises SEQ ID NO 33 and/or SEQ ID 
NO:34. In some embodiments, the Ang-2 protein or the nucleic acid that encodes Ang-2 is a 
5 fragment of the Ang-2 protein or the nucleotide coding sequence of Ang-2. In some 
embodiments the Ang-2 protein comprises a fragment of SEQ ID NO: 15 and/or SEQ ID NO: 16. 
In some embodiments, "Ang-2" refers to a fusion protein comprising non-Ang-2 protein 
sequence and Ang-2 protein sequence. According to some embodiments, "Ang-2" refers to a 
protein that has at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, 

10 at least 96%, at least 97%, at least 98%, at least 99%, at least 100% similarity to SEQ ID NO: 15 
and/or SEQ ID NO: 16. In some embodiments the nucleotide coding sequence comprises a 
nucleotide coding sequence that is at least 50%, at least 60%, at least 70%, at least 80%, at least 
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least 100% identical 
to SEQ ID NO:33 and/or SEQ ID NO:34. 

15 As used herein, the term "Ang-3" refers to the protein or nucleic acid encoding the 

protein or fragment thereof of Angiopoietin-3. In some embodiments the Ang-3 is mammalian 
Ang-3. In some embodiments, the Ang-3 is human, mouse, rat, dog, cat, pig, or horse. In some 
embodiments the Ang-3 protein comprises SEQ ID NO: 17 and/or SEQ ID NO: 18. In some 
embodiments the Ang-3 nucleotide coding sequence comprises SEQ ID NO 35 and/or SEQ ID 

20 NO: 36. In some embodiments, the Ang-3 protein or the nucleic acid that encodes Ang-3 is a 
fragment of the Ang-3 protein or the nucleotide coding sequence of Ang-3. In some 
embodiments the Ang-3 protein comprises a fragment of SEQ ID NO: 17 and/or SEQ ID NO: 18. 
In some embodiments, "Ang-3" refers to a fusion protein comprising non- Ang-3 protein 
sequence and Ang-3 protein sequence. According to some embodiments, "Ang-3" refers to a 

25 protein that has at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, 
at least 96%, at least 97%, at least 98%, at least 99%, at least 100% similarity to SEQ ID NO: 17 
and/or SEQ ID NO: 18. In some embodiments the nucleotide coding sequence comprises a 
nucleotide coding sequence that is at least 50%, at least 60%, at least 70%, at least 80%, at least 
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least 100% identical 

30 to SEQ ID NO 35 and/or SEQ ID NO: 36. 

According to some embodiments the present invention provides for methods of treating 

an individual, or an individual in need thereof, suspected of having cancer comprising the step of 

administering to the individual a pharmaceutical composition comprising a pharmaceutically 

acceptable carrier and a therapeutically effective amount of c-Ang-1 protein, and/or Ang-2 

35 protein, and/or Ang-3 protein and/or a vector comprising a nucleic acid molecule that comprises 
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the nucleotide coding sequence of c-Ang-1, and/or a vector comprising a nucleic acid molecule 
that comprises the nucleotide coding sequence of Ang-2, and/or a vector comprising a nucleic 
acid molecule that comprises the nucleotide coding sequence of Ang-3 . According to some 
embodiments the present invention provides for methods of treating an individual, or an 
5 individual in need thereof, suspected of having cancer comprising the step of administering to 
the individual a pharmaceutical composition comprising a pharmaceutically acceptable carrier 
and a therapeutically effective amount of Ang-3 protein and/or vector comprising a nucleic acid 
molecule that comprises the nucleotide coding sequence of Ang-3 protein. The methods of 
administration are defined above as well as what is meant by a therapeutically effective amount. 

10 In some embodiments, a c-Ang-1 protein comprises SEQ ID NO: 11 and/or SEQ ID NO: 12. In 
some embodiments a vector comprising a nucleic acid molecule that comprises the coding 
sequence of c-Ang-1 comprises SEQ ID NO: 29 and/or SEQ ID NO:30. 

The cancers that can be treated are not limited to any cancer described herein and can 
include cancers of the bladder, cancers of the brain, cancers of the breast, cancers of the colon, 

15 hodgkin's disease, cancers of the kidney, cancers of the lung, melanoma, non-hodgkin's 
lymphoma, oral cancer, ovarian cancer, prostate cancer, uterine/cervical cancer, leukemia, 
cancers of the pancreas, testicular cancer, solid tumors, and the like. In some preferred 
embodiments, the method is performed in conjunction with the removal or elimination of a 
primary tumor. Such methods prevent micrometastasis from becoming macromaetastatic 

20 disease. 

According to some embodiments the present invention provides for methods of 
preventing an individual arthritis and/or diabetes, particular one who is suspected of being at an 
elevated risk of developing either. The methods comprise the step of administering to the 
individual a pharmaceutical composition comprising a pharmaceutically acceptable carrier and a 

25 therapeutically effective amount of c-Ang-1 protein, and/or Ang-2 protein, and/or Ang-3 protein 
and/or a vector comprising a nucleic acid molecule that comprises the nucleotide coding 
sequence of c-Ang-1 and/or a vector comprising a nucleic acid molecule that comprises the 
nucleotide coding sequence of Ang-2, and/or a vector comprising a nucleic acid molecule that 
comprises the nucleotide coding sequence of Ang-3. In some embodiments the pharmaceutical 

30 composition comprises a therapeutically effective amount of Ang-3 and/or a vector comprising a 
nucleic acid molecule that comprises the nucleotide coding sequence of Ang-3. 

In some embodiments, pharmaceutical compositions comprising a therapeutically 
effective amount of c-Ang-1, Ang-2, and/or Ang-3 are administered after the removal of the 
primary tumor. In some embodiments, pharmaceutical compositions comprising a therapeutically 
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effective amount of c-Ang-1, Ang-2, and/or Ang-3 are administered to prevent, reduce, or treat 
metastasis of a cancer and/or tumor. 

The methods of administration are defined above as well as what is meant by a 
therapeutically effective amount. 

5 

Examples 
Example 1 

Unlike Angiopoietin-2 (Ang-2), which is primarily secreted, Angiopoietin-1 (Ang-1) 
binds to the extracellular matrix (ECM) via its linker peptide region (26 amino acid long). 
10 Furthermore the binding of Ang-1 to the ECM blocks the binding between Ang-1 and its 
receptor, Tie-2 receptor tyrosine kinase. The ECM binding of Ang-1 negatively regulates the 
availability and the pro-angiogenesis activity of Ang-L 

Two Ang-I mutants have been established in which either the linker peptide region of 
Ang-I ( 2 58VHNLVSL265CTKEGVLLKGGKREEEKPF 283 ) was deleted (Ang-l mi nusiinker) or the 
15 Cys265 residue in the region was mutated to Ser (Ang-1 cyS 265ser). 

Ang-1 minusiinker and to a less extent Ang-1 cyS 265ser displayed dramatically reduced binding 
to the ECM and altered aggregation pattern. Thus, it is expected they display higher pro- 
angiogenic activity. 

When expressed by tumor cells, Lewis lung carcinoma (LLC) cells, Ang-1 m i nU siinker and to 

20 a less extent Ang-1 cyS 265ser promotes spontaneous pulmonary metastasis much more efficiently 

than the wild type Ang-1 by promoting tumor angiogenesis and transformation of 

micrometastases to life-threatening macrometastases. This result supports the hypothesis that the 

ECM binding negatively regulates the pro-angiogenic activity of Ang-1. 

We discovered for the first time that Ang-1 is cleaved within or nearby the linker peptide 

25 region to generate a C-terminal fragment, c-Ang-1, which has a similar molecular weight as that 

of the fibrinogen homology domain (FHD) fragment of Ang-L 

c-Ang-1 doesn't bind to the ECM but binds to Tie-2 -Fc fusion proteins. However, c- 

Ang-1 doesn't induce phosphorylation of Tie-2 on endothelial cells (HUVECs), indicating 

strongly that c-Ang-1 acts as a dominant regulator of full-length Ang-1 and may be used as a 

30 inhibitor of tumor angiogenesis to block tumor growth and metastasis in the future. 

It was found that Ang-1 m i nU siinker, in which the linker peptide region was deleted, resists 

the cleavage that occurs in the wild type Ang-1, whereas Ang-1 C y S 265ser behaves similar to the 

wild type Ang-1 and is cleaved to generate a similar C-terminal fragment. This finding has a 

tremendous potential important. According to this result, wild type human Ang-1 and hAng- 

35 1 cys265ser are likely sensitive to the cleavage, which will occur in vivo, if human Ang-1 and hAng- 
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l cy s265ser proteins were used for any clinical trails. This means that human Ang-1 and hAng- 
lcys265ser proteins may not be as effective as the cleavage resistant version of Ang-1 , Ang- 
lminusiinker- Ang-1 mimisiinker w ^ not on ly not bind to the ECM, but also be resistant to cleavage. 
The spontaneous tumor metastasis results support this conclusion. 
5 To confirm that Ang-2 is secreted and Ang-1 binds to the ECM in vivo, the in vivo 

distribution of Ang-1 and Ang-2 proteins was analyzed by growing subcutaneous solid tumors 
derived from LLC cells expressing v5 -epitope tagged Ang-1 or Ang-2. The results demonstrated 
that Ang-2 but not Ang-1 is detected in the serum samples of the experiment mice. In addition, 
Ang-2 proteins were extracted by PBS buffer from the solid tumors, while Ang-1 proteins can 

10 only be extracted by 2M urea buffer. These results indicated that Ang-1 is bound to the ECM in 
vivo and retained to promote angiogenesis only in local environment where it is produced; 
whereas Ang-2 can diffuse away from it production site to keep its local concentration low and 
meanwhile inhibit angiogenesis at distant metastatic sites in vivo. 

Overexpression of Ang-2 blocks spontaneous pulmonary metastasis of LLC cells. 

15 Coupled with the results described herein the ECM-binding of Ang-1 is an essential mechanism 
to establish and maintain the activity ratio between Ang-1 and Ang-2 at local and distant sites, 
which plays important role in regulating dormancy of micrometastases. Release Ang-1 from the 
ECM may be an effective mechanism to switch dormant micrometastases to macrometastases. 

A peptide, L265CTKEGVLLKGGKREEEKPF283, derived from the linker peptide region 

20 was found to inhibit the incorporation of Ang-1 proteins to the ECM in cell culture condition. 
This result suggests that the linker peptide or its derivatives (peptides and small molecules) can 
potentially be used to modulate the ECM binding of Ang-1, therefore the bioactivity and 
availability of Ang-1 . 

Because of high sequence homology between human and mouse Ang-1. All the results 
25 obtained using mouse Ang-1 should apply to human Ang-1 as well. Indeed, we have found that 
human Ang-2 is secreted and human Ang-1 is bound to the ECM just like their mouse 
counterparts. This should be true for the in vivo results we obtained using mouse Ang-2. 

Two Ang-1 mutants (in the forms of proteins and gene therapy), Ang-1 m inusiinker and Ang- 
l cy s265ser 5 which were established based on their reduced binding to the ECM, displayed increased 
30 activity in promoting spontaneous pulmonary metastasis of a subline of Lewis lung carcinoma 
cell by promoting tumor angiogenesis and transformation of micrometastases to 
macrometastases, may be used in effectively promoting angiogenesis in following areas: 

To effectively promote angiogenesis in the patients with the diseases related to lack of 
blood vessels such as ischemia in hearts and limbs. 
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To reduce stroke, heart attack, blood vessel blockage, hemorrhage, artherosclerosis risk 
by maintain the health and integrity of blood vessels (by reduce the loss the endothelial 
monolayer integrity and attachment of blood cells on vessel walls). 

To assist the recovery of the patients who had stroke and the angioplasty procedure by 
5 promoting the growth/survival of endothelial cells and establish endothelial monolayer and 
inhibit excessive inflammation, hemorrhage, and proliferation of vascular smooth muscle. 

To treat patients with restenosis by inhibiting re-closure of blood vessel after inserting 
stents into blood vessels. 

To make stable and functional artificial blood vessels. 
10 The peptides derived from the linker peptide region and small molecular derivatives that 

can reduce the binding of Ang-1 to the ECM may be used to activate the ECM-bound Ang-1 in 
vivo using in the areas as described above. 

Many clinical trails have reported problem in retaining their test proteins at the intended 
sites due to diffusion of their proteins. The linker peptide region of Ang-1 anchors Ang-1 to the 
1 5 ECM. So, it may be used as "the ECM anchor motif to generate fusion proteins by fusing the 
linker peptide region to the intended proteins to make these proteins bound to the ECM and 
retained at sites of application. 

A screening system has been established that can be used to identify the small molecules 
that are capable of blocking Ang-1 and the ECM interaction. 
20 Using Ang-2 and c-Ang-1 (proteins and expression vectors in gene therapy) to block 

tumor metastasis, especially after surgically removal of the primary tumors. 

It was observed that some primary tumors inhibit the development of metastasis, 
including LLC cells. The factors generated by local primary tumors and involved in establishing 
and maintaining dormancy of micrometastases likely have one of the following characteristics. 
25 First, a pair of agonist/antagonist on angiogenesis (or two factors have opposite functions) has 
different ECM- or cell-binding capacity. Thus, the pro-angiogenic agonist binds to the ECM or 
cells, therefore retains in the local environment; whereas the anti-angiogenic antagonist can 
diffuse away to keep its local concentration low and meanwhile inhibit angiogenesis at distant 
metastatic sites. Second, the full-length factor and its cleavage product display opposite 
30 functions on angiogenesis and different capacity to bind to the ECM- or cells; so that the pro- 
angiogenic activity of the full-length factor retains at local site and the anti-angiogenic cleavage 
fragment can diffuse to inhibit angiogenesis at distant metastatic sites. Ang-2 fits the first 
characteristics, and c-Ang-1 fits the second characteristics. 
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Thus, both Ang-2 and c-Ang-1 or in the combination of both have strong potential to be 
used to effectively block angiogenesis occurred not only in tumor growth and metastasis but also 
in other pathologic situations. 

Ang-2 and c-Ang-1 (proteins and gene therapy) can also be used to inhibit arthritis and 
5 diabetes. 

The serum concentration of Ang-2 and c-Ang-1 may be used as an indicator for the need 
for post surgery use of Ang-2 and/or c-Ang-1 to inhibit progression of metastasis by blocking the 
transformation of micrometastases to life-threatening macrometastases. 

The serum concentration of Ang-1 may be used as an important diagnosis and prognosis 
10 marker for aggressive malignant cancers. 

Example 2 

Blood vessels form via two distinct processes, vasculogenesis and angiogenesis. 
Vasculogenesis is establishment of a primitive vascular network by a de novo formation of 

15 endothelial cells from their precursors. In contrast, angiogenesis is the formation of new blood 
vessels by sprouting from pre-existing ones. Angiogenesis plays important roles in embryonic 
organogenesis and postnatal tissue repair, female reproductive function, arthritis, diabetes, tumor 
growth and metastasis (1, 2, 3, 4, 5, 6, 7, 8, 9). Angiogenesis is a complex multistep process, 
which includes dynamic changes of cell-cell and cell-matrix adhesion, degradation of the 

20 extracellular matrix (ECM), endothelial cell proliferation, migration, differentiation into tubular 
structure, recruitment of the perivascular supporting cells, and the maturation process (4, 10, 11, 
12, 13). Numerous molecules are involved in these processes, including many pro- and anti- 
angiogenic factors (4, 7, 8, 10, 12) and their receptors, proteases, adhesion and ECM receptors, 
and the ECM components. Vascular endothelial growth factors (VEGFs) and angiopoietins play 

25 especially important roles in angiogenesis ) due to the primarily restricted expression of their 
receptors on endothelial cells (ECs, reviews see 4, 7, 8, 10, 1 1, 12). 

Angiopoietin-l-Tie-2 pathway is indispensable and essential for embryonic 
angiogenesis 

Tie-2 is a member of the Tie (tyrosine kinase with immunoglobulin and epidermal 

30 growth factor homology domains) family of receptor tyrosine kinases that consists of two 

members, Tie- 1 and Tie-2. Tie-2 is expressed in endothelial cells and their precursors, as well as 

some hematopoietic cell lineages (20, 21, 22, 24, 25, 26), and is required for embryonic vascular 

development (23, 25, 26, 27). There are three Tie-2 ligands identified so far (18, 19, 55), 

Angiopoietin-1, -2, and -3/4(Ang-l, Ang-2, and Ang-3/4), which bind to their receptors with 

35 similar affinity and are approximate 80 kilodalton (kDa) in molecular weight. Ang-3 and Ang-4 
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are orthologs between mouse and human (55). Angiopoietins have a similar protein structure, 
which consists of a signal peptide, an amino terminal coiled-coil domain, a short linker peptide 
region, and a carboxyl terminal fibrinogen homology domain (FHD, 18, 19, 55). The coiled-coil 
region is responsible for dimerization/mulimerization of angiopoietins, whereas the FHD binds 
5 to Tie-2 receptor (19, 30, 55). All three angiopoietins form dimers and oligomers (18, 19, 30, 
31,32). 

Studies of the knockout mice indicated that VEGFs and Ang-1 play critical and distinct 
roles in different aspects and at different stages of vascular development. VEGFs play an 
essential role in early vascular development to establish the initial vascular plexus (14, 17, 33, 

10 57, 58). Targeted disruption of Ang-1 or Tie-2 gene, or overexpression of Ang-2 resulted in 
embryonic death with similar vascular defects (19, 23, 27, 34), suggesting that Ang-1 is an 
agonist, whereas Ang-2 is an antagonist of Tie-2. These knockout and transgenic mice displayed 
normal VEGF-dependent early vascular development; however, they have profound defects in 
the later stages of vascular development, which are the remodeling, organization, and 

1 5 stabilization of the primitive vasculature (23, 27, 34, 35). 

On the contrary to Ang-1 knockout mouse, Ang-2 knockout mouse displayed normal 
embryonic angiogenesis but with a lymphatic drainage problem due to disorganization and 
hypoplasia of the intestinal and dermal lymphatic capillaries. In addition, the hyaloid 
vasculature in eyes fails to regress and their retinal blood vessels fail to sprout in these Ang-2 

20 knockout mice. These results indicated that Ang-2 plays a role in postnatal vessel remodeling 
and angiogenesis (84). 

Ang-2 is a naturally occurring antagonist of Tie-2. 

Many studies have shown that Ang-2 is a naturally occurring antagonist of Tie-2 (19, 30, 
31, 55, 71, 8 5). Ang-1 activates Tie-2 receptors by inducing tyrosine phosphorylation of Tie -2 

25 and promotes recruitment of pericytes and smooth muscle cells to neovessels, which are 
important for establishing and maintaining vascular integrity. Ang-1 and -2 bind to the same 
domain in Tie-2 receptor (86), and Ang-2 competes with Ang-1 for the binding of Tie-2 and 
blocks Tie-2 phosphorylation induced by Ang-1 (19). It is unclear whether Ang-2 merely blocks 
the binding of Ang-1 and Tie-2, or induces different unidentified signals or binds to and activates 

30 other receptor(s) as well. Limited publications have shown that under certain conditions, Ang-2 
can induce Tie-2 phosphorylation (69, 86). So far, the evidences support that Ang-2 is a context 
dependent antagonist of Tie-2 (84). 

It is well established that angiogenesis is regulated by the precise balance between pro- 
and anti-angiogenic factors (4, 7, 8). The existence of a pair of agonist and antagonist ligands for 

35 the same receptor underscores the importance of the precise regulation of Tie-2 activity for 
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adequate endothelial function and angiogenesis. The transgenic mice overexpressing Ang-1 
displayed increased vascularization and reduced vasculature leakage (36, 37, 38), which 
demonstrated once again that Ang-1 plays an important role in the formation of blood vessels 
and establishment of vascular integrity by recruiting and maintaining peri-endothelial support 
5 cells. 

The Signal Transduction Pathways Activated by Angiopoietins 

Several studies have provided possible mechanisms for the pro-angiogenic role of Ang-1. 
Unlike other angiogenic factors such as VEGF and bFGF, Ang-1 is not an endothelial mitogen. 
However, Ang-1 promotes adhesion and migration of endothelial cells (40, 41), inhibits 

10 endothelial cell apoptosis via PI-3 kinase/Akt pathway (42, 43, 44, 72, 78, 92) by inhibition of 
Smac release from mitochondria and up-regulation of Survivin proteins (124). In addition, Ang- 
1 induces endothelial cell sprouting via activation of focal adhesion kinase (FAK, 45, 46, 54). 
On the other hand, studies have shown that Ang-2 destabilizes vasculature and either initiates 
angiogenesis in the presence of pro-angiogenic factors, such as VEGFs, which supply 

15 endothelial cells with the necessary survival and proliferation signals (31, 47, 48, 49); or induces 
apoptosis of endothelial cells in the absence of pro-angiogenic factors (47, 50). Furthermore, 
both Ang-1 and Ang-2 can act synergistically with VEGF by enhancing VEGF-induced 
angiogenesis (19, 45, 49, 73). Thus, angiogenesis is likely dependent on the cooperative and 
complement effects of VEGF and angiopoietins (74). 

20 Unlike Ang-2, Ang-1 binds to the ECM which regulates its availability and activity. 

Ang-2 is wildly expressed by many tumor cells (31, 39), and its expression is often 
induced in the endothelia undergoing active remodeling or regression and by hypoxia and growth 
factors, including VEGF (19, 39, 48, 51, 52, 53); whereas Ang-1 is widely expressed primarily 
by mesenchymal cells in adult tissues (19, 75). Unlike that of Angr2,. little is known about how 

25 Ang-1 expression is regulated. Our recent finding offered a possible mechanism that may 
regulate the availability and activity of Ang-1 proteins. 

To study the roles of angiopoietins in tumor growth and metastasis, LLC and TA3 murine 
mammary carcinoma (TA3) transfectants expressing the C-terminal v5 epitope tagged Ang-1 and 
Ang-2 were established (31, 32). We found that unlike Ang-2, which is primarily secreted, Ang- 

30 1 is secreted and incorporated into the ECM via its linker peptide region. Furthermore, the ECM 
binding of Ang-1 blocks the Ang-1 -Tie-2 interaction (32) and the dissemination of Ang-1 from 
its production sites (Fig IB). The results suggest that the availability and activity of Ang-1 
might be negatively regulated by its binding to the ECM. The strong ECM binding of Ang-1 
ensures that Ang-1 is restricted to the local environment where it is produced, whereas Ang-2 

35 can disseminate from its production site (Fig IB) and affect angiogenesis at distant metastatic 



Docket No.: UPN0003-100 (P3115) PATENT 

sites. The difference in the ECM binding of Ang-1 and Ang-2 may be important in establishing 
and maintaining dormancy of micrometastases. 

The roles of angiopoietins in tumor angiogenesis are not well established. 
Tumor angiogenesis, formation of the neovessels in primary and metastatic tumors, is 
5 essential for tumor growth and metastasis (1, 2, 3, 7, 9, 10, 56, 59, 60, 61, 66, 67, 93, 94, 76). 
Neovessels not only supply necessary nutrients and oxygen to primary and metastatic tumors, 
but also provide important routes for primary tumor cells to metastasize (2, 3, 9, 77, 79), which 
is the major cause of cancer related mortality. Previous studied have shown that blockade of the 
Tie-2 pathway by dominant negative soluble Tie-2 inhibits tumor angiogenesis, growth and 
10 metastasis (28, 29), Recent evidence indicated that Ang-1 and Ang-2 are expressed by tumor 
cells (31, 39) and involved in tumor angiogenesis (31, 62, 63, 64, 65, 80, 81). These results 
obtained from different in vivo tumor models were in conflict and showed that Ang-1 and Ang-2 
either promote or inhibit tumor angiogenesis. These discrepancies are not clearly understood 
and may reflect the fact that different tumor models were used, which clearly have different 
15 background activity of the multiple interactive angiogenic pathways and other related signal 
transduction pathways. 

It has been shown recently that overexpression of Ang-2, but not Ang-1, inhibits growth 
and metastasis of LLC and TA3 carcinoma cells by disruption of tumor angiogenesis (31). The 
tumors overexpressing Ang-2 exhibited aberrant and incomplete angiogenesis in vivo, 
20 characterized by the formation of disorganized endothelial cell aggregates without the associated 
smooth muscle cells, and by massive apoptosis of the endothelial cells and surrounding tumor 
cells (31). This result is consistent with the hypothesis that Ang-2 inhibits the Ang-1 -dependent 
recruitment of periendothelial smooth muscle cells. 
Significance 

25 There is an increasing body of evidence that inhibition of tumor angiogenesis is a 

potentially effective and novel therapeutic strategy to slow down and block tumor growth and 
metastasis (82, 83:, 87, 88, 89, 90, 91, 97, 98). However, since tumor angiogenesis is regulated 
by multiple factors secreted by tumor cells and the surrounding host stromal cells, and is 
involved in multiple complementary, overlap, and independent pathways (4, 7, 8, 10, 1 1, 12, 13, 

30 66). As consequence, it is likely that blockade of one angiogenic pathway is neither enough to 
efficiently inhibit tumor angiogenesis nor to block tumor growth and metastasis. Thus, it is 
important to understand the roles of the important angiogenic factors in tumor angiogenesis and 
the underlying mechanisms of their functions. The understanding might lead to the development 
of successful combination therapies to block multiple angiogenic pathways and tumor 

35 angiogenesis, growth and metastasis. 
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Angiopoietins are potentially important as regulators of tumor angiogenesis due to 
following three reasons. First, Ang-1 and -2 is a naturally occurring agonist and antagonist Tie- 
2, respectively. Second, Ang-1 and -2 displayed different ECM binding capacity. Ang-2 is 
secreted, whereas Ang-1 incorporates into the ECM. The difference in the ECM binding 
5 suggests that Ang-2 can diffuse from their production site to affect angiogenesis at distant 
metastatic sites, whereas Ang-1 likely affects local angiogenesis, unless the mechanisms are 
deployed to block its binding to the ECM and/or to release Ang-1 from the ECM. Third, Tie-2 is 
primarily expressed by ECs. Thus, Tie-2-angiopoietin functional axis serves as a relative 
specific target for anti-angiogenesis based cancer therapy without the risk of potential side 
1 0 effects on other cell types. 

The results obtained so far support that Ang-1 and -2 play important opposite roles in 
tumor growth and metastasis by regulating tumor angiogenesis. We showed that 1) Ang-2 
inhibits spontaneous pulmonary metastasis of LLC cells by blocking progression of 
micrometastases to lift-threatening macrometastatic lesions (Fig 5); and 2) the non-ECM binding 
15 mutant of Ang-1 promotes spontaneous pulmonary metastasis of LLC cells much more 
effectively than wild type Ang-1 (Fig 4). 

Results: 

Ang-1 and Ang-2 displayed different ability to bind to the ECM and different capacity 
to disseminate from their production sites in vivo. 

20 It has been shown recently that unlike mouse Ang-2, which is secreted, mouse Ang-1 is 

incorporated into the ECM (32). To determine whether this is true for the human homologs of 
mouse Ang-1 and Ang-2, Ang-1 hU man and Ang-2 hU man were cloned by RT-PCR from mRNAs of 
human placenta. The expression constructs containing v5 -epitope tagged Ang-lh U man and Ang- 
2human were used to transfect Cos-7 cells. The v5 epitope is a 14 amino, acid epitope derived from 

25 P and V proteins of the paramyxovirus, SV5 (68, Invitrogen). Attachment of short peptide tags 
to the proteins of interest has been used extensively for easy identification and purification of the 
intended proteins including angiopoietins (28, 30, 69, 70, 71). Seventy-two hours after the 
transfection, the proteins derived from the culture supernatants and the ECM were analyzed by 
Western blotting with anti-v5 monoclonal antibody (mAb). The result indicated that like their 

30 mouse counterparts, Ang-1 human is incorporated into the ECM and Ang-2 hum an is secreted (Fig 
1A). 

To investigate how the difference in the ECM binding affects ability of Ang-1 and Ang-2 

to diffuse away from their production sites in vivo, LLC transfectants expressing Ang-1 or Ang-2 

were injected subcutaneously into the syngenic C57BL/6 mice as described (31). The 

35 subcutaneous tumors, were allowed to grow for 3-4 weeks to reach approximate 1.5cm in 
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diameter in size. The mice bearing these solid tumors were bled by making cuts on their tails, 
and approximate 200 |il blood from each mouse were collected. After spinning down the cells, 
the supernatants of the blood samples were used in immunoprecipitation using anti-v5 mAb 
conjugated agarose beads (Sigma). The precipitated proteins were eluted and analyzed by 
5 Western blotting with anti-v5 mAb. The solid tumors were extracted with phosphate buffer 
containing various proteinase inhibitors, and the insoluble materials were then extracted with 2M 
Urea buffer (32), which extracts the ECM and the ECM-bound proteins, as well as the proteins 
bound to transmembrane proteins and in intracellular compartments. The extracted proteins 
were analyzed by Western blotting with anti-v5 mAb. The results showed that Ang-2v5 proteins 

10 were detected in the serum samples and in the PBS extractable fraction of solid tumors, i.e. 
soluble (Fig IB). On the contrary, little amount of Ang-lv5 proteins was detected in the serum 
samples and most if not all of Ang-lv5 proteins in the urea extractable fraction of the solid 
tumors, i.e. ECM-associated (Fig IB). Lack of Ang-1 proteins in serum sample and PBS 
extraction is consistent with its association with the ECM. Together, these results indicated that 

1 5 the binding to the ECM blocks dissemination of Ang-1 proteins from its production site, whereas 
Ang-2 can readily diffuse away via circulation, which may affect angiogenesis at the distant 
metastatic sites. The activity balance of Ang-1 and Ang-2 at local and distant sites may play 
important roles in regulating dormancy of micrometastases. 

The linker peptide region of Ang-1 mediates the binding of Ang-1 to the ECM 

20 It has been shown recently that the linker peptide region between the coiled-coil and the 

fibrinogen-homology domain (FHD) of Ang-1 likely mediates that interaction between Ang-1 
and the ECM (32). The linker peptide region contains 26 amino acids 
( 2 58VHNLVSL265CTKEGVLLKGGKREEEKTIF 2 83) ? and is highly conserved among different 
species. There is 96% identity at the amino acid level between human and mouse in this region. 

25 To confirm that the linker peptide region mediates the ECM binding of Ang-1 and determine the 
role of the cysteine265 residue, which is conserved among different species and unique to Ang- 
1, in the ECM binding of Ang-1, two Ang-1 mutants, in which either the linker peptide region 
was deleted (Ang-l m j nuS | inker ), or the cysteine265 residue was mutated into a serine residue (Ang- 
lcys265ser) were generated. The expression constructs (pEF/6His-v5, Invitrogen) containing 

30 wild type Ang-1, Ang-l minusH nker, and Ang-1 cys265ser were used to transfect Cos-7 cells using 
Lipofectamine. Seventy-two hours after the transfection, the cell culture supernatants and the 
ECM materials deposited by the transfected cells were analyzed by Western blotting with anti-v5 
mAb to determine the distribution of Ang-1 and the Ang-1 mutants. The results showed that the 
Ang-1 mutant that lacks the linker peptide region, Ang-1 minuslinker? displayed dramatically reduced 

35 binding to the ECM, and the mutation of cysteine 26 5 residue to a serine reduced the ECM binding 
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of the mutants. Both mutations alter the aggregation pattern as well compared to that of wild 
type Ang-1 (Fig 2). This result demonstrated the importance of the linker peptide region and the 
cysteine265 residue in the ECM binding of Ang-1 and provided us with useful tools to study 
how the ECM binding affects the function of Ang-1 . 
5 Soluble Ang-1 is cleaved at the linker peptide region. 

Western blot analysis indicated that Ang-1 protein is cleaved, and the size of the C- 
terminal cleavage fragment of Ang-1 (c-Ang-1) is similar to that of FHD fragment of Ang-1 
(Ang-1 FHD), suggesting that the cleavage occurred at the linker peptide regions (Fig 3 A). To 
confirm this, the expression constructs containing wild type Ang-1 and Ang-1 minuslinker were 

10 used to transfect Cos-7 cells, two days after the transfection, these cells were switched to serum- 
free culture medium and cultured for 4 additional days. The serum-free culture supernatants and 
the ECM of the transfected cells were analyzed by Western blotting with anti-v5 mAb. The 
results indicated that soluble Ang-1 in cell culture supernatants was cleaved, whereas Ang- 
1 minuslinker is resistant to the cleavage. No cleavage fragments of Ang-1 were detected in the 

15 ECM fraction (Fig 3B). This result demonstrated that the soluble Ang-1 is cleaved in the linker 
peptide region, which likely destroys the ECM binding site within the region and prohibits the 
incorporation of the fragments of Ang-1 into the ECM. 

To determine whether the C-terminal cleavage fragment of Ang-1 (c-Ang-1) binds to and 
activates Tie-2 receptor, we need purified c-Ang-1 proteins. Although the exact cleavage site in 

20 Ang-1 has not yet been identified, it was located within the linker peptide region containing 26 
amino acids. Thus, the expression construct, which contains the signal peptide plus the v5 
tagged FHD fragment ofAng-1 (Ang-1 FHD) was used. As shown in Fig 3 A, transient 
expression of Ang-IFHD expression construct in Cos-7 cells generated a secreted protein (Ang- 
1FHDv5) with a similar molecular weight as that of c-Ang-1. Therefore, it is believed that Ang- 

25 lFHDvS is very similar to c-Ang-1 fragment. Thus, the expression constructs containing v5- 
tagged Ang-IFHD and the coiled-coil fragment of Ang-1 (Ang-1 C-C, 32) were used to transfect 
Cos-7 cells. Ang-1 FHDv5 and Ang-1 C-Cv5 proteins were purified from these Cos-7 cell-culture 
supernatants as described (32). The affinity purified Ang-1 FHDv5 protein but not Ang-1 C-Cv5 
binds to Tie-2-Fc fusion protein in a solid phase binding assay (Fig 3 C). However, unlike full- 

30 length Ang-1, Ang-IFHD failed to induce Tie-2 phosphorylation on HUVECs (Fig 3D). This 
result is consistent with a very recent report indicating that the tetramers of Ang-1 are the 
minimal size required for activating Tie-2 receptors on endothelial cells (99). This result 
suggested that the c-Ang-1 likely acts as a dominant negative regulator of full-length Ang-1 . 
Two spontaneous pulmonary metastatic models were established using LLC cells. 
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It is well established that tumor cells are often heterogeneous and display different 
properties, including differences in promoting angiogenesis and in metastatic potential (95, 96). 
To eliminate variations and to establish two different spontaneous pulmonary metastatic models, 
parental LLC cells were transfected with the expression vector containing the neomycin-resistant 
5 gene and selected for G418 resistance. 2-3 weeks after the selection, the clonal G418 resistant 
cells were isolated and tested for their ability to undergo spontaneous pulmonary metastasis. To 
achieve that, the clonal LLC cells (1 x 10 6 /mouse) were injected into the left flanks of the 
syngenic C57BL/6 mice and allow grow until the size of the tumors is approximately 1-1. 5cm in 
diameter 2-3 weeks after the tumor implantation. The solid tumors were then removed surgically 

10 and the mice were sacrificed three to four weeks after the surgery and, the lungs were removed. 
The pulmonary metastatic tumor nodules were dissected out and cultured in the cell culture 
medium containing G418 (500|ig/ml) to eliminate any contaminated host cells. The drug- 
resistant LLC cells derived from the pulmonary metastatic nodules were injected back to 
C57BL/6 mice subcutaneously and two additional rounds of selections for pulmonary metastatic 

15 LLC cells were carried out, and a clonal LLC cell, LLCmes, was established for its ability to 
form aggressive pulmonary metastases. Another clonal LLC cell, LLC min usmes ? was established 
as well for its inability to undergo aggressive pulmonary metastasis. 

The Ang-1 mutant that lacks the ECM-binding linker peptide region promotes 
spontaneous pulmonary metastasis of LLC m i nusm es cells much more effectively than wild type 

20 Ang-1. 

To test the hypothesis that the ECM binding of Ang-1 negatively regulates its pro- 
angiogenic activity, wild type Ang-1 and Ang-1 minus i inker (Fig 2) that lacks the ECM-binding 
linker peptide region were transfected into LLC m in U smes cells which are incapable of aggressive 
pulmonary metastasis. Three independent clonal LLC m i nU smes transfectants expressing a similar 
25 level of wild type Ang-1 (LLC m i n usmesAn g -i) or Ang-1 

minusiinker (LLC mn inusmesAng-l minusl inker) 5 OX 

transfected with the expression vector alone: (LLC m i n usmes) were identified. Histology analysis 
indicated that LLC m i nu smes cells are capable of forming micrometastases in host lung parenchyma, 
however, these micrometastases did not develop into life-threatening macrometastases, strongly 
suggesting that adequate angiogenesis is not established. Thus, it serves as a good model to 
30 investigate the roles of pro-angiogenic factors such as Ang-1 in spontaneous pulmonary 
metastasis. 

The spontaneous pulmonary metastasis assay was performed as described in section C4a 

using these transfectants. The results showed that expression of Ang-1 minusiinker promotes 

pulmonary metastasis of LLCminusmes cells much more effectively than wild type Ang-1 (Fig 

35 4), suggesting that the ECM binding negatively regulates the pro-angiogenic activity of Ang-1 . 
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Ang-2 inhibits spontaneous pulmonary metastasis of LLCmes cells. 
It has been shown that overexpression of Ang-2 inhibits experimental tumor metastasis 
(31). In these experiments, 1 x 10 6 of LLC and TA3 cells expressing Ang-2 were injected into 
the tail veins of syngenic mice. Because spontaneous pulmonary metastasis is more similar to 
5 the normal development of pulmonary metastasis, we investigated the role of Ang-2 in this 
process. To achieve that, LLC mes cells, which is capable of aggressive spontaneous pulmonary 
metastasis after removal of the primary solid tumors, were transfected with Ang-2 or the empty 
expression vector alone. Three independent clonal LLC mes transfectants expressing Ang-2 
(LLC m esAng-2) or transfected with the empty expression vectors were identified. The spontaneous 

10 pulmonary metastasis assay was performed as described (4). These studies showed that at the 
early stage of pulmonary metastasis (immediately after removal of the primary solid tumors), 
LLC m e S Ang-2 (Fig 5C-c), and LLCmes (Fig 5C-b) cells form micrometastases, which are attached 
to the host blood vessels (arrows). This observation supports the vessel co-option theory (48), 
which hypothesize that tumor cells grow on the existing host blood vessels initially, then evoke 

15 angiogenesis to keep the progression of the tumor mass (1, 2, 3, 7, 1 1, 12,47,66). 

As noted previously, micrometastases are often difficulty to identify. I knew that LLC 
cells express high level of CD44 proteins, the receptor of a matrix component, hyaluronan, while 
in normal health mouse lung, the evenly distributed macrophages are the major CD44 positive 
cells (data not shown). Using this knowledge, highlighting the localization of the 

20 micrometastases was performed by staining the lung sections with anti-CD44 antibody (Fig 5C-b 
and C-c). This result was confirmed by H&E staining of the adjacent sections. The 
micrometastases derived from LLC mes cells were able to progress and form large metastatic 
lesions 2.5-weeks after removal of the primary tumors (Fig 5C-e). However, the expression of 
Ang-2 inhibited the progression of the micrometastases derived from LLC meS An g -2 cells (Fig 5C-f, 

25 arrow) implying that adequate angiogenesis is not established in these micrometastases. 
Summary of results: 

A novel and potentially important biochemical property of Ang-1 has been uncovered: 

Ang-1 binds to the ECM via its linker peptide region, and an important difference in the ECM 

binding between Ang-1 and Ang-2 (32, Figs 1-2). It has been shown that the ECM-binding of 

30 Ang-1 blocks the Ang-l-Tie-2 interaction, and dissemination of Ang-1 from its production site in 

vivo, whereas Ang-2-Tie-2 binding is not regulated by the ECM and it can diffuse away from its 

production site in vivo (Fig 1). Furthermore, it was demonstrated that soluble Ang-1 but not the 

ECM-bound, Ang-1 is cleaved at the linker peptide region and the C-terminal cleavage fragment, 

c-Ang-1, may acts as a dominant negative regulator of the full-length Ang-1. Several obstacles 

35 have been overcome to purify angiopoietin proteins and generated an Ang-1 mutant, Ang- 
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lminusiinker, in which the ECM-binding linker peptide region was deleted. Ang-l minus ii nke r not only 
displayed dramatically reduced binding to the ECM but also is resistant to proteolytic cleavage. 

Two spontaneous pulmonary metastasis models have also been established. Using LLC 
transfectants expressing Ang-1 or Ang-2, it has been demonstrated that Ang-1 and Ang-2 play 
5 opposite roles in spontaneous pulmonary metastasis of LLC cells and developed the hypothesis 
that this is due to their different effects on tumor angiogenesis. It has been demonstrated that 
Ang-1 

minuslinker promotes pulmonary metastasis of LLCmmusmes CQ ^ S much more efficiently than 
wild type Ang-1 (Fig 4) suggesting the ECM binding of Ang-1 negatively regulates its function; 
whereas Ang-2 blocks pulmonary metastasis of LLCmes cells by inhibiting the progression of 
10 micrometastases to macrometastatic lesions (Fig 5). 

Example 3 

Ang-1 was also discovered to have an additional ECM binding domain at the N-terminal 
end of Ang-1 in addition to the linker peptide region described in above. The N-terminal ECM 

15 binding domain is expected to have a coiled-coil structure and has a sequence of SEQ ID NO: 3 
or SEQ ID NO:4 in human and mouse respectively. The peptides can be encoded by nucleotide 
sequences having the sequence SEQ ID NO: 21 or SEQ ID NO: 22, respectively. 

The deletion mutant of Ang-1 lacking the N-terminal coiled-coil ECM binding domain 
(Ang-1 minusN-ECM) displayed significant reduction in its binding to ECM and also was found to 

20 promote the activation of Erkl/2 kinase effectively (Figure 6). Western blot was performed 
under non-reducing conditions using antibodies against the v5 epitope tag at the C-terminal end 
of either the full length or Ang-1 minusN _ EC M proteins to determine their distribution patterns in the 
cell culture supernatants (Figure 6, Panel A) and in the ECM (Figure 6, Panel B) of Lewis Lung 
Carcinomal transfectants expressing either full-length Ang-1 (lane 2 in Panels A and B) or Ang- 

25 IminusN-ECM (lane 1 in Panels A and B). 

HUVEC cells were cultured until subconfluence, switched into serum free media (SFM) 
and cultured overnight. SFM alone (Figure 6, Panels C and D, lane 1), SFM containing 100 ng 
purified Ang-1 (Figure 6, Panels C and D, lane 2), Ang-1 minusN - E CM (Figure 6, Panels C and D, 
lane 3) was applied to serum-starved HUVECs for 25 minutes. The cells were then lysed and the 

30 protein samples were analyzed by Western blotting with anti-phospho-Erkl/2 antibody (Panel C) 
to detect phospho-Erkl/2 (p-Erkl/2) proteins and anti-Erk (Panel D) to detect total Erkl/2 
proteins. Results demonstrate that Ang-1 minusN . ECM can induce the phosphorylation of Erkl/2 to 
the same extent as full-length. 

The C-terminal cleavage fragment of Ang-1 (c-Ang-1) blocks the activation of Erkl/2 

35 kinase induced by Ang-1. HUVEC cells were cultured until subconfluence, switched into serum 
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free media (SFM) and cultured overnight. SFM alone (Figure 7, lane 1), SFM containing 800ng 
of purified c-Ang-1 (Figure 7, lane 2), lOOng of Ang-1 (Figure 7, lane 3) or Ang-1 (lOOng) plus 
800ng (Figure 7, lane 4) or 1600ng (Figure 7, lane 5) of c-Ang-1 were applied to the serum- 
starved HUVECs for 25 minutes. The cells were then lysed and the protein samples were 
5 analyzed by Western blotting with anti-phospho-Erkl/2 antibody (A) to detect phospho-Erkl/2 
(p-Erkl/2) proteins and anti-Erk (B) antibody to detect total Erkl/2 proteins. The experiment c- 
Ang-1 can inhibit the Ang-1 induced activation of Erkl/2. 

The properties of Ang-3 were investigated to determine if Ang-3 can block the activation 
of Erkl/2 by Agn-1 or VEGFi 65 . Different amount of Ang-1, Ang-3 5 VEGF, and bFGF in 

10 different combinations were applied to the serum-starved HUVECs for either 25 minutes (Figure 
8, Panels a, b, c, and d) or 24 hours (Figure 8 Panels e, f, g 5 h, and i). The cells were lysed and 
the protein samples were analyzed by Western blotting with anti-phospho-Erkl/2 (Figure 8, 
upper panels in a-h) or anti-phospho-Akt antibody (Figure 8, upper panel in i) to detect phospho- 
Erkl/2 (p-Erkl/2) or phospho-Akt (p-Akt), respectively. The membranes were then stripped to 

15 apply anti-Erk (Figure 8, bottom panels in a-h) or anti-Akt (Figure 8, bottom panel in i) antibody 
to detect total Erk or Akt protein, respectively. In panels a and e, 50, 100, 200ng of Ang-1 
(Figure 8, lanes 2-4) or Ang-3 (Figure 8, lanes 5-6) were used. In panels b and f, lOOng Ang-1 or 
200ng of Ang-3 were used separately (lanes 2-3) or in combination as indicated in the panels 
(Figure 8, lanes, 4-5). In panels c-i, 15ng of VEGF165 or bFGF, lOOng of Ang-1 or 200ng of 

20 Ang-3 were used alone or in combination as indicated in the panels. Al stands for Ang-1; A3 
stands for Ang-3; V stands VEFG165, and b stands for bFGF. The results show that Ang-3 
blocks the activation of Erkl/2 kinases, which have been induced by either Ang-1 or VEGF165. 

LITERATURE CITED which is incorporated herein by reference. 
25 1. Folkman, J.(1971). Tumor angiogenesis: therapeutic implications. N. Engl. J. Med. 

285, 1182-1186. 

2. Folkman, J. (1986). How is blood vessel growth regulated in normal and neoplastic 
tissue? Cancer Res. 46, 467-473. 

3. Folkman, J. (1995). Angiogenesis in cancer, vascular, rheumatoid and other disease. 
30 Nat. Med. 1,27-31. 

4. Risau, W. (1997). Mechanisms of angiogenesis. Nature 386, 671-674. 



40 



Docket No.: UPN0003-100 (P3115) PATENT 

5. Kirn, K. J., Li 5 B. 5 Winer, J., Armanini, M., Gillett, N., Phillips, H. S., and Ferrara, N. 
(1993). Inhibition of vascular endothelial growth factor-induced angiogenesis suppresses 
tumour growth in vivo. Nature 362, 841-844. 

6. Koch, A. E., Halloran, M. M., Haskell, C. J., Shah, M. R., and Polverini, P. J. (1995). 
5 Angiogenesis mediated by soluble forms of E-selectin and vascular cell adhesion molecule- 1. 

Nature 376, 517- 519. 

7. Hanahan, D., and Folkman, J. (1996). Patterns and emerging mechanisms of the 
angiogenic switch during tumorigenesis. Cell 86, 353-364. 

8. Hanahan, D. (1997). Signaling vascular morphogenesis and maintenance. Science 
10 277,48-50. 

9. Hanahan, D., and Weinberg, R. A. (2000). The hallmarks of cancer. Cell 100, 57-70. 

10. Folkman, J., and D'Amore, P. (1996). Blood vessel formation: what is its molecular 
basis? Cell 87, 1153-1155. 

11. Yancopoulos, G. D. (1999). The angiopoietins: Yin and Yang in angiogenesis. Curr. 
15 Top Microbiol. Immunol. 237, 173-185. 

12. Yancopoulos, G. D., Davis, S., Gale, N. W., Rudge, J. S., Wiegand, S. J., Holash, J. 
(2000). Vascular-specific growth factors and blood vessel formation. Nature 407, 242-248. 

13. Ingber, D. E., and Folkman, J. (1989). How does extracellular matrix control 
capillary morphogenesis? Cell 58, 803-805. 

20 14. Ramsauer, M., and D'Amore, P. A. (2002). Getting Tie(2)d up in angiogenesis. J. 

Clin. Invest. 110, 1615-1617. 

15. Lindahl, P., Hellstrom, M., Kalen, M, and Betsholtz, C. (1998). Endothelial- 
perivascular cell signaling in vascular development: lessons from knockout mice. Curr. Opin. 
Lipidol. 9, 407-411. 

25 16. Betsholtz, C, Karlsson, L., and Lindahl, P. (2001). Developmental roles of platelet- 

derived growthfactors. Bioessays. 23, 494-507. 

17. Fong, G.-H., Rossant, J., Gertsenstein, M., and Breitman, M. L. (1995). Role of the 
Flt-1 receptor tyrosine kinase in regulating the assembly of vascular endothelium. Nature 376, 
66-70. 

30 18. Davis, S., Aldrich, T. H., Jones, P. F., Acheson, A., Compton, D. L., Jain, V., Ryan, 

T. E., Bruno, J., Radziejewski, C, Maisonpierre, P. C, and Yancopoulos, G. D. (1996). Isolation 



Docket No.: UPN0003-100 (P3115) PATENT 

of angiopoietin-1, a ligand for the TIE2 receptor, by secretion-Trap expression cloning. Cell 87, 
1161-1169. 

19. Maisonpierre, P. C, Suri, C, Jones, P. F., Bartunkova, S., Wiegand, S. J., 
Radziejewski, C, Compton, D., McClain, J., Aldrich, T. H., Papadopoulos, N., Daly, T. J., 

5 Davis, S., Sato, T. N., and Yancopoulos, G, D. (1997). Angiopoietin-2, a natural antagonist for 
Tie2 that disrupts in vivo angiogenesis. Science 277, 55-60. 

20. Sato, T. N., Quin, Y., Kozak, C. A., and Audus, K. L. (1993). Tie-1 and Tie-2 define 
another class of putative receptor tyrosine kinase genes expressed in early embryonic vascular 
system. Proc. Natl. Acad. Sci. USA 90, 9355-9358. 

10 21. Schnurch, H., and Risau, W. (1993). Expression of Tie-2, a member of a novel 

family of receptor tyrosine kinases, in the, endothelial cell lineage. Development 119, 957- 
968. 

22. Ziegler, S. F., Bird, T. A., Schneringer, K. A., Schooley, K. A., and Baum, P. R. 
(1993). Molecular cloning and characterization of a novel receptor protein tyrosine kinase 

1 5 from human placenta. Oncogene 8, 663-670. 

23. Dumont, D. J., Gradwohl, G., Fong, G. H., Puri, M. C, Gertsenstein, M., Auerbach, 
A., and Breitman, M. L. (1994). Dominant-negative and targeted null mutations in the 
endothelial receptor tyrosine kinase, tek, reveal a critical tole in vasculogenesis of the embryo. 
Genes Dev. 8, 1897-1909. 

20 24. Dumont, D. J., Gradwohl, G. J., Fong, G. H., Auerbach, R., and Breitman, M. L. 

(1993). The endothelial-specific receptor tyrosine kinase, tek, is a member of a new subfamily 
of receptors. Oncogene 8, 1293-1301. 

25. Korhonen, J., Polvi, A., Partanen, J., and Alitalo, K. (1994). The mouse Tie receptor 
tyrosine kinase gene: expression during embryonic angiogenesis. Oncogene 9, 395-403. 

25 26. Peters, K. G., Coogan, A., Berry, D., Marks, J., Iglehart, J. D., Kontos, C. D., Rao, 

P., Sankar, S., and Trogan, E. (1998). Expression of Tie2/Tek in breast tumour vasculature 
provides a new marker for evaluation of tumour angiogenesis. Br. J. Cancer 77, 51-56. 

27. Sato, T. N., Tozawa, Y., Deutsch,U., Wolburg-Burcholz, K., Fujiwara, Y., Gendron- 
Maguire, M., Gridley, T., Wolburg, H., Risau, W., and Qin, Y. (1995). Distinct roles of the 
30 receptor tyrosine kinases Tie-1 and Tie-2 in blood vessel formation. Nature 376, 70-74. 

42 



Docket No.: UPN0003-100 (P3115) PATENT 

28. Lin, P., Polverini, P., Dewhirst, ML, Shan, S., Rao, P. S., and Peter, K. G. (1997). 
Inhibition of tumor angiogenesis using a soluble receptor establishes a role for Tie-2 in 
pathologic vascular growth. J. Clin. Invest. 100, 2072-2078. 

29. Lin, P., Buxton, J. A., Acheson, A., Radziejewski, C, Maisonpierre, P. C, 
5 Yancopoulos, G. D., Channon, K. M., Hale, L. P., Dewhirst, M. W., George, S. E., and Peters, 

K. G. (1998). Antiangiogenic gene therapy targeting the endothelium-specific receptor tyrosine 
kinase Tie2. Proc. Natl. Acad. Sci. USA 95, 8829-8834. 

30. Procopio, W. N., Pelavin, P. L, Lee, W. M. F., and Yeilding, N. M. (1999). 
Angiopoietin-1 and -2 coiled ciol domains mediate distinct homo-oligomerization patterns, but 

10 fibrinogen-like domains mediate ligand activity. J. Biol. Chem. 274, 30196-30201. 

31. Yu, Q., and Stamenkovic, I. (2001). Angiopoietin-2 is implicated in the regulation of 
tumor angiogenesis. Am. J. Pathol. 158, 563-570. 

32. Xu, Y., and Yu, Q. (2001). Angiopoietin-1, unlike angiopoietin-2, is incorporated 
into the extracellular matrix via its linker peptide region. J. Biol. Chem. 276, 34990-34998. 

15 33. Shalaby, F., Rossant, J., Yamaguchi, T. P., Gertsenstein, M, Wu, X. F., Breitman, 

M. L., and Schuh, A. C. (1995). Failure of blood-island formation and vasculogenesis in Flk- 
1 -deficient mice. Nature 376, 62-66. 

34. Suri, C, Jones, P. F., Patan, S., Bartunkova, S., Maisonpierre, P. C, Davis, S., Sato, 
T. N., and Yancopoulos, G. D. (1996). Requisite role of angiopoietin-1, a ligand for the TIE2 

20 receptor, during embryonic angiogenesis. Cell 87, 1 171-1 180. 

35. Gale, N. W., and Yancopoulos, G. D. (1999). Growth factors acting via endothelial 
cell-specific receptor tyrosine kinases:VEGFs, angiopoietins, and ephrins in vascular 
development. Genes Dev. 13, 1055-1066. 

36. Suri, C., McClain, J., Thursyon, G., McDonald, D. M., Zhou, H., Oldmixon, E. H., 
25 Sato, T. N., and Yancopoulos, G. D. (1998). Increased vascularization in mice overexpressing 

angiopoietin- 1 . Science 282, 468-47 1 . 

37. Thurston, G., Suri, C, Smith, K., McClain, J., Sato, T. N., Yancopoulos, G. D., and 
McDonald, D. M. (1999). Leakage-resistant blood vessels in mice transgenically 
overexpressing angiopoietin-1. Science 286, 2511-2514. 

30 38. Thurston, G., Rudge, J. S., Ioffe, E., Zhou, H., Ross, L., Croll, S. D, Glazer, N., 

Holash, J., McDonald,D. M., and Yancopoulos, G. D. (2000). Angiopoietin-1 protects the adult 
vasculature against plasma leakage. Nat. Med. 6, 460-463. 



Docket No.: UPN0003-100 (P3115) PATENT 

39. Stratmann, A., Risau, W., and Plate, K. H. (1998). Cell type-specific expression of 
angiopoietin-1 and angiopoietin-2 suggests a role in glioblastoma angiogenesis. Am. J. 
Pathol. 153, 1459-1466. 

40. Witzenbichler, B., Maisonpierre, P. C, Jones, P., Yancopoulos, G. D., and Isner, J. 
M. (1998). Chemotactic properties of angiopoietin-1 and -2, ligands for the endothelial- 
specific receptor tyrosine kinase Tie2. J. Biol. Chem. 273, 18514-18521. 

41. Carlson, T. R., Feng, Y., Maisonpierre, P. C, Mrksich, M., and Morla, A. O. (2001). 
Direct cell adhesion to the angiopoietins mediated by integrins. J. Biol. Chem. 276, 26516- 
26525. 

42. Papapetropoulos, A., Fulton, D., Mahboubi, K., Kalb, R. G., O'Connor, D. S., Li, F., 
Altieri, D. C, and Sessa, W. C. (2000). Angiopoietin-1 inhibits endothelial cell apoptosis via 
the Akt/survivin pathway. J. Biol. Chem. 275, 9102-9105. 

43. Kim, L, Kim, H. G, So, J.-N., Kim, J. H., Kwak, H. J., and Koh, G. Y. (2000). 
Angiopoietin-1 regulates endothelial cell survival through the phosphatidylinositol 3'-kinase/Akt 
signal transduction pathway. Circ. Res. 86, 24-29. 

44. Kwak, H. J., Lee, S. J., Lee, Y.-H., Ryu, C. H., Koh, K. N., Choi, H. Y., and Koh, G. 
Y. (2000). Angiopoietin-1 inhibits irradiation- and mannitol-induced apoptosis in endothelial 
cell. Circulation 101, 2317-2324. 

45. Koblizek, T. I., Weiss, C, Yancopoulos, G. D., Deutsch, U., and Risau, W. (1998). 
Angiopoietin-1 induces sprouting angiogenesis in vitro. Curr. Biol. 8, 529-532. 

46. Hayes, A. J., Huang, W.-Q., Mallah, J., Yang, D., Lippman, M. E. and Li, L.-Y. 
(1999). Angiopoietin- 1 and its receptor Tie-2 participate in the regulation of capillary-like 
tubule formation and survival of endothelial cells. Microvasc. Res. 58, 224-237. 

47. Holash, J., Wiegand, S. J., and Yancopoulos, G. D.(1999). New model of tumor 
angiogenesis: dynamic balance between vessel regression and growth mediated by angiopoietins 
and VEGF. Oncogene 18, 5356-5362. 

48. Holash, J., Maisonpierre, D., Compton, D., Boland, P., Alexander, C. R., Zagzag, D., 
Alexander, C.R., Zagzag, D., Yancopoulos, G. D., and Wiegland, S. J. (1999). Vessel cooption, 
regression, and growth in tumors mediated by angiopoietins and VEGF. Science 284, 1994- 
1998. 



44 



Docket No.: UPN0003-100 (P3115) PATENT 

49. Asahara, T., Chen, D., Takahashi, T., Fujikawa, K., Kearney, M, Magner, M., 
Yancopoulos, G. D., and Isner, J. M. (1998). Tie2 receptor ligands, angiopoietin- 1 and 
angiopoietin-2, modulate VEGF-induced postnatal neovascularization. Circ Res. 83, 233-240. 

50. Lauren, J., Gunji, Y., and Alitalo, K. (1998). Is angiopoietin-2 necessary for the 
5 initiation of tumor angiogenesis? Am. J. Pathol. 153, 1333-1339. 

51. Oh, H., Takagi, H., Suzuma, K., Otani, A., Matsumura, M., and Honda, Y. (1999). 
Hypoxia and vascular endothelial growth factor selectively up-regulate angiopoietin-2 in bovine 
microvascular endothelial cells. J. Biol. Chem. 274, 15732-15739. 

52. Mandriota, S. J., and Pepper. M. S. (1998). Regulation of angiopoietin-2 mRNA 
10 levels in bovine microvascular endothelial cells by cytokines and hypoxia. Circ. Res. 83, 852- 

859. 

53. Kim, L, Kim, J.-H., Ryu, Y. S., Liu, M., and Koh, G. Y. (2000). Tumor necrosis 
factor-a upregulates angiopoietin-2 in human umbilical vein endothelial cells. Biochem. 
Biophys. Res. Commun. 269, 361-365. 

15 54. Kim, L, Kim, H. G., Moon, S.-O., Chae, S. W., So, J.-N., Koh, K. N., Ahn, B. C, 

and Koh, G. Y. (2000). Angiopoietin- 1 induces endothelial cell sprouting through the activation 
of focal adhesion kinase and plasmin secretion. Circ Res. 86, 952-959. 

55. Valenzuela, D. M., Griffiths, J. A., Rojas, J., Aldrich, T. H., Jones, P. F., Zhou, H., 
McClain, J., Copeland, N. G., Gilbert, D. J., Jenkins, N. A., Huang, T., Papadopoulos, N., 

20 Maisonpierre, P. C, Davis, S., and Yancopoulos, G. D. (1999). Angiopoietins 3 and 4: 
diverging gene counterparts in mice and humans. Proc. Natl. Acad. Sci. USA 96, 1904-1909. 

56. Siemeister, G., Schirner, M., Weindel, K., Reusch, P., Menrad, A., Marme, D., and 
Martiny-Baron, G.(1999). Two independent mechanisms essential for tumor angiogenesis: 
inhibition of humanmelanoma xenograft growth by interfering with either the vascular 

25 endothelial growth factor receptor pathway of the Tie-2 pathway. Cancer Res. 59, 3185-3191. 

57. Carmeliet, P., Ferreira, V., Breier, G., Pollefeyt, S., Kieckens, L., Gertsenstein, M., 
Fahrig, M.,Vandenhoeck, A., Harpal, K., Eberhardt, C, Declercq, C, Pawling, J., Moons, L., 
Collen, D.,Risau, W., and Nagy, A. (1996). Abnormal blood vessel development and lethality in 
embryoslacking a single VEGF allele. Nature 380, 435-439. 

30 58. Ferrara, N., Carver-Moore, Chen, H., Dowd, M., Lu, L., O'shea, K. S., Powell- 

Braxton, L., Hillan, K.J., and Moore, M. W. (1996). Heterozygous embryonic lethality induced 
by targeted inactivation of the VEGF gene. Nature 380, 439-442. 

45 



Docket No.: UPN0003-100 (P3115) PATENT 

59. Kim, K. J., Li, B., Winer, J., Armanini, M., Gillett, N., Phillips, H. S., and Ferrara, N. 
(1993). Inhibition of vascular endothelial growth factor-induced angiogenesis suppresses tumor 
growth in vivo. Nature 362, 841-844. 

60. Millauer, B., Shawver, L. K., Plate, K. H., Risau, W., and Ullrich, A. (1994). 
5 Glioblastoma growth inhibited in vivo by a dominant-negative Flk-1 mutant. Nature 367, 576- 

579. 

61. Goldman, C. K., Kendall, R. L., Cabrera, G., Soroceanu, L., Heike, Y., Gillespie, G. 
Y., Siegal, G. P., Mao, X., Bett, A. J., Huckle, W. R., Thomas, K. A., and Curiel, D. T. 
(1998). Paracrine expression of a native soluble vascular endothelial growth factor receptor 

10 inhibits tumor growth, metastasis, and mortality rate. Proc. Natl. Acad. Sci. USA 95, 8795-8800. 

62. Ahmad, S. A., Liu, W., Jung, Y. D., Fan, F., Wilson, M., Reinmuth, N., Shaheen, R. 
M., Bucana, CD., and Ellis, L. M. (2001). The effects of angiopoietin-1 and -2 on tumor growth 
and angiogenesis in human colon cancer. Cancer Res. 61, 1255-1259. 

63. Etoh, T., Inoue, H., Tanaka, S., Barnard, G. F., Kitano, S., and Mori, M. (2001). 
1 5 Angiopoietin-2 is related to tumor angiogenesis in gastric carcinoma: possible in vivo regulation 

via induction of proteases. Cancer Res. 61, 2145-2153. 

64. Hawighorst, T., Skobe, M., Streit, M., Hong, Y.-K., Velasco, P., Brown, L. F., 
Riccardi, L., Lange- Asschenfeldt, B., and Detmar, M. (2002). Activation of the Tie2 receptor 
by angiopoietin-1 enhances tumor vessel maturation and impairs squamous cell carcinoma 

20 growth. Am. J. Pathol. 160, 1381-1392. 

65. Koga, K., Todaka, T., Morioka, M., Hamada, J., Kai, Y., Yano, S., Okamura, A., 
Takakura, N., Suda, T., and Ushio, Y. (2001). Expression of angiopoietin-2 in human glioma 
cells and its role for angiogenesis. Cancer Res. 61, 6248-6254. 

66. Papetti, M., and Herman, I. M. (2002). Mechanisms of normal and tumor-derived 
25 angiogenesis. Am. J. Physiol. Cell Physiol. 282, C947-C970. 

67. Weicner, N., Carroll, P. R., Flax, J., Blumenfeld, W., and Folkman, J. (1993). Tumor 
angiogenesis correlates with metastasis in invasive prostate cancer. Am. J. Pathol. 143, 401-409. 

68. Southern, J. A., Young, D. F., Heaney, F., Gaumgartner, W., and Randall, R. E. 
(1991). Identification of an epitope on the P and V proteins of Simian virus 5 that distinguishes 

30 between two isolates with different biological characteristics. J. Gen. Virol. 72, 1551-1557. 

69. Teichert-kuliszewska, K., Maisonpierre, P. C, Jones, N., Campbell, A. I. M., Master, 
Z., Bendeck, M.P., Alitalo, K., Dumont, D. J., Yancopoulos, G. D., and Stewart, D. J. (2001). 



Docket No.: UPN0003-100 (P3115) PATENT 

Biological action of angiopoietin-2 in a fibrin matrix model of angiogenesis is associated with 
activation of Tie2. Cardiovasc. Res. 49, 659-670. 

70. Kim, L, Moon, S.-O., Koh, K. N., Kim, H., Uhm, C.-S., Kwak, H. J., Kim, N.-G., 
and Koh, G. Y. (1999). Molecular cloning, expression, and characterization of angiopoietin- 

5 related protein. J. Biol. Chem. 274, 26523-26528. 

71. Kim, L, Kim, J.-H., Ryu, Y. S., Jung, S. H., Nah, J. J., and Koh, G. Y. (2000). 
Characterization and expression of a novel alternatively spliced human angiopoietin-2. J. Biol. 
Chem. 275, 18550-18556. 

72. Huang, Y.-Q., Li, J.-J. and Karpatkin, S. (2000). Identification of a family of 
10 alternatively spliced mRNAspecies of angiopoietin-1. Blood 95, 1993-1999. 

73. Houck, K. A., Leung, D. W., Rowland, A. M., Winer, J., and Ferrara, N. (1992). 
Dual regulation of vascular endothelial growth factor bioavailability by genetic and 
proteolytic mechanisms. J. Biol. Chem. 267, 26031-26037. 

74. Gamble, J. R., Drew, J., Trezise, L., Underwood, A., Parsons, M., Kasminkas, L., 
15 Rudge, J., Yancopoulos, G., and Vadas, M. A. (2000). Angiopoietin-1 is an antipermeability and 

antiinflammatory agent in vitro and targets cell junctions. Circ. Res. 87, 603-607. 

75. Gospodarowicz, D., Abraham, J. A., and Schilling, J. (1989). Isolation and 
characterization of a vascular endothelial cell mitogen produced by pituitary-derived folliculo 
stellate cells. Proc. Natl. Acad. Sci. USA 86, 731 1-7315. 

20 76. Cohen, T., Gitay-Goren, H., Sharon, R., Shibuya, M., Halaban, R., Levi, B. -Z., and 

Neufeld, G. (1995). VEGF121, a vascular endothelial growth factor (VEGF) isoform lacking 
heparin binding ability, requires cell-surface heparan sulfates for efficient binding to the VEGF 
receptors of human melanoma cells. J. Biol. Chem. 270, 1 1322-1 1326. 

77. Miralem, T., Steinberg, R., Price, D., and Avraham, H. (2001). VEGF(165) requires 
25 extracellular matrix components to induce mitogenic effects and migratory response in breast 

cancer cells. Oncogene 20, 551 1-5524. 

78. Kim, I., Moon, S.-O., Han, C.-Y., Pak, Y. K. 5 Moon, S. K., Kim, J. J., and Koh, G. 
Y. (2001). The angiopoietin-tie2 system in coronary artery endothelium prevents oxidized low- 
density lipoprotein induced apoptosis. Cardiovasc. Res. 49, 872-881. 

30 79. Kim, L, Moon, S.-O., Park, S. K., Chae, S. W., and Koh G. Y. (2001). Angiopoietin- 

1 reduces VEGF stimulated leukocyte adhesion to endothelial cells by reducing ICAM-1, 
VCAM-1, and E-selectin expression. Circ Res. 89, 477-479. 



Docket No.: UPN0003-100 (P3115) PATENT 

80. Kim, I., Oh, J.-L., Ryu, Y. S., So, J.-N., Sessa, W. C, Walsh, K., and Koh, G. Y. 
(2002). Angiopoietin- 1 negatively regulates expression and activity of tissue factor in 
endothelial cells. FASEB J. 16, 126-128. 

81. Kim, L, Ryu, Y. S., Kwak, H. J., Ahn, S. Y., Oh, J.-L., Yancopoulos, G. D., Gale, N. 
5 W., and Koh, G.Y. (2002). EphB ligand, ephrinB2, suppresses the VEGF- and angiopoietin 1- 

induced Ras/mitogen activated protein kinase pathway in venous endothelial cells. FASEB J. 16, 
1126-1128. 

82. Yu, Q., and Stamenkovic, I. (1999). Localization of matrix metalloproteinase 9 
(MMP-9) to the cell surface provides a mechanism for CD44-mediated tumor invasion. Genes 

10 Dev. 13,35-48. 

83. Hungerford, J. E., and Little, C. D. (1999). Developmental biology of the vascular 
smooth muscle cell: building a multilayered vessel wall. J. Vase. Res. 36, 2-27. 

84. Gale, N. W., Thurston, G., Hackett, S. F., Renard, R., Wang, Q., McClain, J., Martin, 
C, Witte, C, Wette, M. H., Jackson, D., Suri, C, Campochiaro, P. A., Wiegand, S. J., and 

1 5 Yancopoulos, G. D. (2002). Angiopoietin-2 is required for postnatal angiogenesis and 
lymphatic patterning, and only the latter role is rescued by angiopoietin- 1. Dev. Cell 3, 41 1-423. 

85. Shyu, K. G., Manor, O., Manger, M., Yancopoulos, G. D., and Isner, J. M. (1998). 
Direct intramuscular injection of plasmid DNA encoding angiopoietin- 1 but not angiopoietin-2 
auguments revascularization in the rabbit ischemic hindlimb. Circulation 98, 2081-2087. 

20 86. Kim, L, Kim, I. H., Moon, S. O., Kwak, H. J., Kim, N. G., and Koh, G. Y. (2000). 

Angiopoietin-2 at high concentration can enhance endothelial cell survival through the 
phosphatidylinositol 3'-kinase/Akt signal transduction pathway. Oncogene 19, 4549-4552. 

87. Lander, A. D., and Selleck, S. B. (2000). The elusive functions of proteoglycans: in 
vivo Veritas. J.Cell. Biol. 148, 227-232. 

25 88. Iozzo, R. V. (1998). Matrix proteoglycans: from molecular design to cellular 

function. Annu. Rev. Biochem. 67, 609-652. 

89. Iozzo, R. V., and San Antonio, J. D. (2001). Heparan sulfate proteoglycans: heavy 
hitters in the angiogenesis arena. J. Clin. Invest. 108, 349-355. 

90. Fiedler, U., Krissl, T., Koidl, S., Weiss, C, Koblizek, Tc, Deutsch, U., Martiny- 
30 Baron, G., Marme, D., and Augustin, H. G. (2002). Angiopoietin- 1 and angiopoietin-2 share the 

same binding domains in the Tie-2 receptor involving the first Ig-like loop and the EGF-like 
repeats. J. Biol. Chem. 



Docket No.: UPN0003-100 (P3115) PATENT 

91. Yu, Q., Toole, B. P., and Stamenkovic, L (1997). Induction of apoptosis of 
metastatic mammary carcinoma cells in vivo by disruption of tumor cell surface CD44 function. 
J. Exp. Med. 186, 1985-1996. 

92. Kontos, C. D., Stauffer, T. P., Yang, W. P., York, J. D., Huang, L., Blanar, M. A., 
Meyer, T., andPeters, K. G. (1998). Tyrosine 1101 of Tie2 is the major site of association of p85 
and is required for activation of phosphatidylinositol 3-kinase and akt. Mol. Cell. Biol. 18, 4131- 
4140. 

93. Folkman, J. (1990). What is the evidence that tumors are angiogenesis dependent? J. 
Natl. Cancer Inst. 82, 4-6. 

94. Fidler, I. J., and Ellis, L. M. (1994). The implications of angiogenesis for the biology 
and therapy of cancer metastasis. Cell 79, 185-188. 

95. Fidler, I. J. (1990). Critical factors in the biology of human cancer metastasis: 
twenty-eighth G.H.A. clowes memorial award lecture. Cancer Res. 50, 6130-6138. 

96. Fidler, I. J. (2001). Angiogenic heterogeneity: regulation of neoplastic angiogenesis 
by the organ microenvironment. J. Natl. Cancer Inst. 93, 1040-1041. 

97. Hamid Ali, S., O'Donnell, A. L., Balu, D., Pohl, M. B., Seyler, M. J., Mohamed, S., 
Mousa, S., and Dandona, P. (2000). Estrogen receptor-a in the inhibition of cancer growth and 
angiogenesis. Cancer Res. 60, 7094-7098. 

98. Nokihara, H., Yanagawa, H., Nishioka, Y., Yano, S., Mukaida, N., Matsushima, K., 
and Sone, S. (2000). Natural killer cell-dependent suppression of systemic spread of human lung 

adenocarcinoma cells by monocyte chemoattractant protein- 1 gene transfection in severe 
combined immunodeficient mice. Cancer Res. 60, 7002-7007. 

99. Lindahl, P., Johansson, B. R., Leveen, P., and Betsholtz, C. (1997). Pericyte loss and 
microaneurysm formation in PDGF-B-deficient mice. Science 277, 242-245. 

100. Lindahl, P., Hellstrom, M., Kalen, M., and Betsholtz, C. (1998). Endothelial- 
perivascular cell signaling in vascular development: lessons from knockout mice. Curr. Opin. 
Lipidol. 9, 407-411. 

101. Murray, C. (1995). Tumour dormancy: not so sleepy after all. Nat. Med. 1, 117-118. 

102. Cross, M. J., and Claesson- Welsh, L. (2001). FGF and VEGF function in 
angiogenesis: signaling pathways, biological responses and therapeutic inhibition. Trends Phar. 
Sci. 22, 201-207. 



49 



Docket No.: UPN0003-100 (P3115) PATENT 

103. Gengrinovitch, S., Berman, B., David, G., Witte, L., Neufeld, G., and Ron, D. 
(1999). Glypican-1 is a VEGF165 binding proteoglycan that acts as an extracellular chaperone 
for VEGF165. J. Biol. Chem. 274, 10816-10822. 

104. Li, J., Shworak, N.W., and Simons, M. (2002). Increased responsiveness of hypoxic 
5 endothelial cells to FGF2 is mediated by HIF-1 a-dependent regulation of enzymes involved in 

synthesis of heparan sulfate FGF2-binding sites. J. Cell Sci. 115, 1951-1959. 

105. Neufeld, G., Cohen, T., Gengrinovitch, S., and Poltorak, Z. (1999). Vascular 
endothelial growth factor (VEGF) and its receptors. FASEB J. 13, 9-22. 

106. Nagase, H. (1997). Activation mechanisms of matrix metalloproteinases. Biol. 
10 Chem. 378, 151-160. 

107. Park, J. E., Keller, G. A., and Ferrara, N. (1993). The vascular endothelial growth 
factor (VEGF) isoforms: differential deposition into the subepithelial extracellular matrix and 
bioactivity of extracellular matrix-bound VEGF. Mol. Biol. Cell 4, 1317-1326. 

108. Pepper, M. S. (1997). Transforming growth factor-beta: vasculogenesis, 
15 angiogenesis, and vessel wall integrity. Cytokine Growth Factor Rev. 8, 21-43. 

109. Xu, Y., and Yu, Q. (2003). E-cadherin negatively regulates CD44-hyaluronan 
interaction and CD44-mediated tumor invasion and branching morphogenesis. J. Biol. Chem. In 
Press. 

1 10. Poltorak, Z., Cohen, T., Sivan, R., Kandelis, Y., Spira, G., Vlodavsky, L, Keshet, E., 
20 and Neufeld, G. (1997). VEGF 145, a secreted vascular endothelial growth factor isoform that 

binds to extracellular matrix. J. Biol. Chem. 272, 7151-7158. 

111. Robinson, C. J., and Stringer, S. E. (1999). The splice variants of vascular 
endothelial growth factor (VEGF) and their receptors. J. Cell Sci. 1 14, 853-865. 

112. Ruhrberg, C. (2001). Endogenous inhibitors of angiogenesis. J. Cell Sci. 114, 3215- 

25 3216. 

113. Saaristo, A., Karpanen, T., and Alitalo, K. (2000). Mechanisms of angiogenesis and 
their use in the inhibition of tumor growth and metastasis. Oncogene 19, 6122-6129. 

114. Maeshima, Y., Sudhakar, A., Lively, J. C, Ueki, K., Kharbanda, S., Kahn, C. R., 
Sonenberg, N.,Hynes, R. O., and Kalluri, R. (2002). Tumstatin, an endothelial cell-specific 

30 inhibitor of protein synthesis. Science 295, 140-143. 

50 



Docket No.: UPN0003-100 (P3115) PATENT 

115. O'Reilly, M. S. et al. (1994). Angiostatin: a novel angiogenesis inhibitor that 
mediates the suppression of metastases by a lewis lung carcinoma. Cell 79, 315-328. 

116. O'Reilly, M. S., Pirie-Shepherd, S., Lane, W. S., and Folkman, J. (1999). 
Antiangiogenic activity of the cleaved conformation of the serpin antithrombin. Science 285, 
1926-1928. 

117. Yi, M., and Ruoslahti, E. (2001). A fibronectin fragment inhibits tumor growth, 
angiogenesis, and metastasis. Proc. Natl. Acad. Sci. USA 98, 620-624. 

118. Johnson, L. L., Dyer, R., and Hupe, D. J. (1998). Matrix metalloproteinases. Curr. 
Opin. Chem. Biol. 2, 466-471. 

119. Rastinejad, F., Polverini, P. J., and Bouck, N. P. (1989). Regulation of the activity of 
a new inhibitor of angiogenesis by a cancer suppressor gene. Cell 56, 345-355. 

120. Vu, T. H., Shipley, J. M., Bergers, G., Berger, J. E., Helms, J. A., Hanahan, D., 
Shapiro, S. D., Senior, R. M., and Werb, Z. (1998). MMP-9/gelatinase B is a key regulator of 
growth plate angiogenesis and apoptosis of hypertrophic chondrocytes. Cell 93, 41 1-422. 

121. Davda, J., and Labhasetwar, V. (2001). An update on angiogenesis therapy. Crit. 
Rev. Eukaryot. Gene Expr. 11, 1-21. 

122. Vajkoczy, P., Farhadi, M., Gaumann, A., Heidenreich, R., Erber, R., Wunder, A., 
Tonn, J. C, Menger, M. D., and Breier, G. (2002). Microtumor growth initiates angiogenic 
sprouting with simultaneous expression of VEGF, VEGF receptor-2, and angiopoietin-2. J. Clin. 
Invest. 109, 777-785. 

123. Bloemendal, H. J., Logtenberg, T., and Voest, E. E. (1999). New strategies in anti- 
vascular cancer therapy. Eur. J. Clin. Invest. 29, 802-809. 

124. Harfouche, R., Hassessian, H. M., Guo, Y., Faivre, V., Srikant, C. B., Yancopoulos, 
G. D., and Hussain, S. N. (2002). Mechanisms which mediate the antiapoptotic effects of 
angiopoietin-1 on endothelial cells. Microvasc. Res. 64, 135-147. 

125. Hiraoka, N., Allen, E., Apel, I. J., Gyetko, M. R., and Weiss, S. J. (1998). Matrix 
metalloproteinases regulate neovascularization by acting as pericellular fibrinolysins. Cell 95, 
365-377. 

126. Bergers, G., Brekken, R., McMahon, G., Vu, T. H., Itoh, T., Tamaki, K., Tanzawa, 
K., Thorpe, P., Itohara, S., Werb, Z., and Hanahan, D. (2000). Matrix metalloproteinase-9 

triggers the angiogenic switch during carcinogenesis. Nat. Cell Biol. 2, 737-744. 



51 



Docket No.: UPN0003-100 (P3115) PATENT 

127. Itoh, T., Tanioka, M., Yoshida, H., Yoshioka, T., Nishimoto, H., and Itohara, S. 
(1998). Reduced angiogenesis and tumor progression in gelatinase A-deficient mice. Cancer Res. 
58, 1048-1051. 

128. Fang, J., Shing, Y., Wiederschain, D., Yan, L., Butterfield, C, Jackson, G., Harper, 
5 J., Tamvakopoulos, G., and Moses, M. A. (2000). Matrix metalloproteinase-2 is required for the 

switch to the angiogenic phenotype in a tumor model. Proc. Natl. Acad. Sci. USA 97, 3884- 
3889. 

129. Visconti, R. P., Richardson, C. D., and Sato, T. N. (2002). Orchestration of 
angiogenesis and arteriovenous contribution by angiopoietins and vascular endothelial growth 

10 factor (VEGF). PNAS. 99, 8219-8224. 

130. Pfeifer, A., Kessler, T., Silletti, S., Cheresh, D. A., and Verma, I. M. (2000). 
Suppression ofangiogenesis by lentiviral delivery of PEX, a noncatalytic fragment of matrix 
metalloproteinase 2. Proc. Natl. Acad. Sci. USA 97, 12227-12232. 

131. Sternlicht, M. D., and Werb, Z. (2001). How matrix metalloproteinases regulate cell 
15 behavior. Annu. Rev. Cell Dev. Biol. 17, 463-516. 

132. Silletti, S., Kessler, T., Goldberg, J., Boger, D. L., and Cheresh, D. A. (2001). 
Disruption of matrix metalloproteinase 2 binding to integrin ocvp3 by an organic molecule 
inhibits angiogenesis and tumor growth in vivo. PNAS 98, 1 19-124. 

133. Holmgren, L., O'Reilly, M. S., and Folkman, J. (1995). Dormancy of 
20 micrometastases: balanced proliferation and apoptosis in the presence of angiogenesis 

suppression. Nature Med. 1, 149-153. 

134. Sipes, J. M., Krutzsch, H. C, Lawler, J., and Roberts, D. D. (1999). Cooperation 
between thrombospondin-1 type 1 repeat peptides and avp3 integrin ligands to promote 
melanoma cell spreading and focal adhesion kinase phosphorylation. J. Biol. Chem. 274, 22755- 

25 22762. 

135. Saaristo, A., Karpanen, T., and Alitalo, K. (2000). Mechanisms of angiogenesis and 
their use in the inhibition of tumor growth and metastasis. Oncogene 19, 6122-6129. 

136. Uemura, A., Ogawa, M., Hirashima, M., Fujiwara, T., Koyama, S., Takagi, H., 
Honda, Y., Wiegand, S. J., Yancopoulos, G. D., and Nishikawa, S. I. (2002). Recombinant 

30 angiopoietin-1 restores higher-order architecture of growing blood vessels in mice in the absence 
of mural cells. J. Clin. Invest.l 10, 1619-1628. 

52 



Docket No.: UPN0003-100 (P3115) PATENT 

137. Yu, Q., and Stamenkovic, I. (2000). Cell surface-localized matrix metalloproteinase- 
9 proteolytically activates TGF-P and promotes tumor invasion and angiogenesis. Genes 
Dev. 14, 163-176. 

138. McFall, A. J., and Rapraeger, A. C. (1998). Characterization of the high affinity 
5 cell-binding domain in the cell surface proteoglycan syndecan-4. J. Biol. Chem. 273, 28270- 

28276. 

139. Olson, M. W., Toth, M., Gervasi, D. C, Sado, Y., Ninomiya, Y., and Fridman, R. 
(1998). High affinity binding of latent matrix metalloproteinase-9 to the a2(IV) chain of 
collagen IV. J. Biol. Chem. 273, 10672-10681. 

10 140. Brooks, P. C, Stromblad, S., Sanders, L. C, von Schalscha, T. L., Aimes, R. T., 

Stetler-Stevenson, W. G., Quigley, J. P., and Cheresh, D. A. (1996). Localization of matrix 
metalloproteinase MMP-2 to the surface of invasive cells by interaction with integrin ccvp3. 
Cell 85, 683-693. 

141. Moyon, D., Pardanaud, L., Yuan, L., Breant, C, and Eichmann, A. (2001). Selective 
1 5 expression of angiopoietin 1 and 2 in mesenchymal cells surrounding veins and arteries of the 

avian embryo. Mech. Dev. 106, 133-136. 

142. Wong, A. L., Haroon, Z. A., Werner, S., Dewhirst, M. W., Greenberg, C. S., and 
Peters, K. G. (1997). Tie2 expression and phosphorylation in angiogenic and quiescent adult 
tissues. Circ. Res. 81, 567-574. 

20 143. Shim, W. S. N., The, M, Mack, P. O. P., and Ge, R. (2001). Inhibition of 

angiopoietin- 1 expression intumor cells by an antisense RNA approach inhibited xenograft 
tumor growth in immunodeficient mice. Int. J. Cancer 94, 6-15. 

144. Weidner, N. (1993). Tumor angiogenesis: review of current applications in tumor 
prognostication. Semin. Diagn. Pathol. 10, 302-313. 

25 145. Shim, W. S. N., The, M., Bapna, A., Kim, I., Koh, G. Y., Mack, P. O. P. and Ge, R. 

(2002). Angiopoietin 1 promotes tumor angiogenesis and tumor vessel plasticity of human 
cervical cancer in mice. Exp. Cell Res. 279, 299-309. 

146. Joussen, A. M., Poulaki, V., Tsujikawa, A., Qin, W., Qaum, T., Xu, Q., 
Moromizato, Y., Bursell, S.-E., Wiegand, S. J., Rudge, J., loffe, E., Yancopoulos, G. D., and 
30 Adamis, A. P. (2002). Suppression of diabetic retinopathy with angiopoietin- 1 . Am. J. Pathol. 
160, 1683-1693. 



Docket No.: UPN0003-100 (P3115) PATENT 

147. Hattori, K., Dias, S., Heissig, B., Hackett, N. R., Lyden, D. 5 Tateno, M. 5 Hicklin, D. 
J., Zhu, Z., Witte, L., Crystal, R. G., Moore, M. A. S., and Rafii, S. (2001). Vascular 
endothelial growth factor and angiopoietin-1 stimulate postnatal hematopoiesis by recruitment of 
vasculogenic and hematopoietic stem cells. J. Exp. Med. 193, 1005-1014. 

148. Davis, S., Papadopoulos, N., Aldrich, T. H., Maisonpierre, P. C, Huang, T., Kovac, 
L., Xu, A., Leidich, R., Radziejewska, E., Rafique, A., Goldberg, J., Jain, V., Bailey, K., 
Karow, M., Fandl, J., Samuelsson, S. J., Loffe, E., Rudge, J. S., Daly, T. J., Radziejewski, C, 
and Yancopoulos, G. D. (2002). Angiopoietins have distinct modular domains essential for 
receptor binding, dimerization and superclustering. Nature Struct. Biol. 10, 38-44. 

The disclosures of each and every patent, patent application, and publication cited herein 
are hereby incorporated herein by reference in their entirety. The appended sequence listing is 
also hereby incorporated herein by reference in its entirety. 

While this invention has been disclosed with reference to specific embodiments, it is 
apparent that other embodiments and variations of this invention may be devised by others 
skilled in the art without departing from the true spirit and scope of the invention. The appended 
claims are intended to be construed to include all such embodiments and equivalent variations. 



54 



